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DEPOSITS OF MANGANESE ORE IN THE BATESVILLE 
DISTRICT. ARKANSAS. 



By Hugh D. Miser. 



liOCATION. 



The Batesville manganese district is in the southern part of the 
Ozark region, a short distance west of the Mississippi embayment of 
the Gulf Coastal Plain, mostly in Independence county but partly in 
Sharp, Izard and Stone counties, in north-central Arkansas. (See 
fig. 1.) It forms an east- west belt, 4 to 8 miles wide, extending from 
the Ball mine, 2 miles east of Hickory Valley, westward to Guion, 
a distance of 24 miles. The town of Batesville, from which it is 
named, is 2 miles south of its southern border. The manganese- 
bearing area and some of the surrounding region are shown on the 
accompanying map (PL I, in pocket). 

INVESTIGATION AND ACKNOWLEDGMENTS. 

The field work on which this report is based was done by the writer 
in March, April, May, and June, 1918, in accordance with the plan of 
the United States Geological Survey to obtain information regarding 
the quantity, location, character, and extent of the manganese-ore de- 
posits in the United States and to encourage the production, so that 
as much shipping as possible could be freed from use in the importa- 
tion of foreign ores in order to carry troops and supplies to Europe 
during the war. The writing of the present report was completed in 
November^ 1919. 

A brief preliminary report entitled, " Manganese in the Batesville 
region, Arkansas," was published in September, 1918, as a press 
bulletin of the "United States Geological Survey. A longer prelim- 
inary report was published November 15, 1920, as Bulletin 716-G 
of the United States Geological Survey. An abstract of a paper on 
the manganese deposits of the Batesville district that was presented 
April 23, 1919, before the Geological Society of Washington was 
published July 19, 1919.^ A paper on hausmannite in the Batesville 

» Washington Acad. Sci. Jour., yol. e» No. 13» 1919. 
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2 MANGANESE QBE IN THE BATESVILLE DISTRICT, ARK. 

district, by J. G. Fairchild and the writer, was published January 
4, 1920.2 

The writer desires to acknowledge his indebtedness to the fol- 
lowing members of the United States Geological Survey : E. F. Bur- 
chard, under whose direction the present investigation was conducted, 
for advice during both the field and office work; D. F. Hewett, who 
spent several days in the Batesville district in the fall of 1917, for 




FiGUBE 1. — Index map of Arkansas showing the location of the Batesville manganese-ore 

district 

advice in planning the field work and for many suggestions during 
the progress of the office work ; E. O. Ulrich, for the examination of 
fossil collections and for much information regarding the age and 
relations of the rock formations of the Ordovician, Silurian, and 
Devonian systems ; G. H. Girty, for the study of fossil collections 
from the Boone chert of Carboniferous age and a statement con- 
cerning them; W. T. Schaller and E. S. Larsen, for mineralogic 

s Washington Acad. Sci. Jour., vol. 10, No. 1, 1920. 
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BIBLIOGRAPHY. 8 

determinations; and R. C. Wells and Chase Palmer, for chemical 
analyses of rock and mineral specimens. 

W. R. Crane, of the Bureau of Mines, has contributed a chapter 
on the mining and preparation of the ores, which appears on pages 
86-103, and he has supplied several of the photographs from which 
illustrations have been made. 

' Acknowledgment is also due to the residents in the Batesville 

district for their uniformly courteous treatment and to the following 
persons for information : W. H. Denison and J. S. Baker, of Cush- 
man, Ark. ; J. F. Kennard, R. S. Handf ord, E. C- McComb, J. C. 
Shepherd, and N. A. Adler, of Batesville, Ark. ; J. F. Barksdale, of 
Anderson, Ark.; W. H. Beatty and C. S. Blair, of Birmingham, 
Ala. ; W. C. Gordon, of Iron Mountain, Mich. ; William Trebilcock, 
of North Freedom, Wis.; A. O. Ihlseng, of New York City; Rex 
Robor; G. A. Adkins; and Captain Vance, 

^ Reports by D. D. Owen, William Elderhorst, E. T. Cox, R. A. F. 

' Penrose, jr., J. C. Branner, J. F. Newsom, T. C. Hopkins, H. S. 

Williams, Gilbert Van Ingen, A. H. Purdue, E. O. Ulrich, E. C. 
Harder, D. F. Hewett, G. H. Girty, D. E. Woodbridge, Tom Shiras, 
and others have been freely consulted and drawn upon. Most of the 
reports on the Batesville district are listed in the bibliography, which 

* follows, and others are referred to at diflPerent places in the report. 

Special mention should be made of the monographic report by Pen- 
rose on the uses, ores, and deposits of manganese, published in 1891. 

' Both the text of this report and the accompanying geologic map were 

constantly used by the writer in his field and office work. It is re- 
ferred to at many places in the present report, and parts of it are 

> quoted. 

BIBUEOGRAPHY. 

The following list includes papers treating of the manganese de- 
posits of the Batesville district and some of the more important pa- 
pers on the geology of the district. 

^ 1858. 

Owen, D. D., First report of a geological reconnaissance of the northern coun- 
ties of Arkansas, pp. 37-41, 136, 138. 
»► The geology of a part of the Batesville district is briefly treated, and the 

manganese deposits on Lafferty Creek are described. 
Eij)ERH0BST, WrLLiAM, Chemlcal report of the ores, rocks, and mineral waters of 
f Arkansas: First report of a geological reconnaissance of the northern 

counties of Arkansas, pp. 161-169. 
Gives analyses and descriptions of manganese ores. 
Cox, E. T., Report of a geological reconnaissance of a part of the State of 
Arkansas: First report of a geological reconnaissance of the northern 
counties of Arkansas, pp. 216-222. 

Describes the geology of Independence County and the manganese deposit 
on the property of Martin Cason, on which the Cason mine was later opened. 
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1886. 

Habvey, F. L., The minerals and rocks of Arkansas, 32 pp., Philadelphia. 

Mentions the existence of pyroluslte, brannite, psilomelane, and wad in 
Independence CJounty but gives only a brief general description of thetn. 

1891. 

Tenbose, R. A. F., Jr., Manganese — its uses, ores, and deposits: Arkansas Geol. 
Survey Ann. Rept. for 1890, vol. 1. 

Describes every inanganese region in ^s^ortti America known at that time. 
The riianganese dfepofeits and geology of the batesville district dre described 
In great detail. Thg report is accompanied by a map showing the distribu- 
tion of thid rock formations dnd the location of the manganese mines and 
prospects. 

The origin of the manganese ores of northern Arkansas and its effect on 

the associated strata (abstract) : Am. Assoc. Adv. Sci. Proc, vol. 39, pp. 
250-2521. 

Discusses the man^aneSti dffeS of the Batesville di^ttict. 

1893. 

HbpKiNs, d?. 0., Garbles and other limestones: Arkansas Geol. Survey Ann. 
Kept, foi? 1890, vol. 4. 

The limestones of northern Arkansas, including those of the Batesville 
district, are described in great detail, "the report is accompanied by a 
geologic map, which i^ similar to the onfe that accompanies the report by 
Penrose. 

1894. 

WlLiiAks, H. S., On the age of the manganese beds of the Batesville re^on 
of Arkahsai^ : Am. Jour. Sci., 8d iaer., vol. 48, pp. 325-381. 
Discusses the age of th^ mangaaese-bearinff rocks. 
PenbosIs, R. A. F., Jr., The superficial alteration of ore deposits ; Jour. Geology, 
vol. 2, p. 306. 

One paragraph is devoted to a discussion of the origin of the manganese 
deposits of the Batesville district. 

1895. 

WiLUAMS, H. S., On the recurrence of Devonian fossils in strata of Carbon- 
iferous age : Am. Jour. Sci., 3d ser., vol. 49, pp. &4-101. 
Discusses the Carboniferous rocks of the Batesville district. 

1897. 

Bbanneb, J. C, The phosphate deposits of Arkansas: Am. tnst. Min. Eng. 
Trans., vol. 26, pp. 580-598. 

The phosphate deposits that are described include those of the Bates- 
ville district. 

1898. 

Welleb, Stuabt, The Batesville sandstone of Arkansas : New York Acad. Sci. 
Trans., vol. 16, pp. 251-282. 

Reviews the literature on the formation, describes fossils recently col- 
lected from it, and discusses its correlation from the paleontologic and 
stratigraphlc data. 
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Habdeb, E. C, Manganese deposits of the United States: U. S. Geol. Survey 
Bull. 380, pp. 267-270. 
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Habdeb, E. C, Manganese deposits of the United States, with sections on foreign 
deposits, chemistry, and uses: U. S. Geol. Survey Bull. 427, pp. 102-118, 
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vey BuU. 593, 170 pp., 11 pis. 
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Discusses briefly the occurrence and character of the manganese ores, 
the production of ore in 1918, and mining conditions in the Batesville dis- 
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Shiras, Tom, Manganese washing plant of the Eureka Company, Arkansas: 
Eng. and Min. Jour., vol. 105, No. 17, p. 778, April 27. 

The washing plant of the Eureka Manganese & Mining Oo. at the Mont- 
gomery mine is described and the quantity of ore treated is given. 
WooDBBiDGE, D. E., The Arkansas manganese field : Eng. and Min. Jour., vol. 106, 
No. 15, pp. 669-670, Oct. 12. 

Describes briefly the geology and ore deposits of the Batesville district 
and gives a full discussion of the economic possibilities and mining condi- 
tions in the district. ^ 
Harder, E. O., Manganiferous iron ores : U. S. Geol. Survey Bull 666-EB. 

Describes briefly the low-grade manganese ore of the Batesville district 
and gives analyses and production by years of this kind of ore. 
Batesville-Gushman manganese field, Batesville, Ark.: Batesville Board of 
Trade, 80 pp. 

Describes the topography, manganese deposits, and methods of mining in 
the Batesville-Cushman field. Parts of the reports by Harder (1910) and 
Penrose (1891) and of the press report by the pres«it writer (1918) are 
quoted. 

1920. 

Harder, E. C, and Hewett, D, F., Recent studies of domestic manganese de- 
posits : Am. Inst. Min. Eng. Trans., vol. 63, pp. 8-50. 

The ore-forming minerals, stratigraphic relations, genesis, production, 
composition, and reserves of the manganese ores of the Batesville district 
are discussed. 
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HISTORY AND PRODUCTION. 

The manganese ore deposits of the Batesville district have been 
worked at times since 1849 and have yielded both high-grade and 
' low-grade manganese ores. Most of the work on the deposits of high- 
grade ore has been done during two periods of activity, one begin- 
ning in 1885 and ending in 1898, and the other beginning in 1915 
and ending at least temporarily in November, 1918, when the demand 
for domestic manganese ores greatly decreased. Most of the work 
on the deposits of low-grade ore has been done since 1904. By far 
the greater part of the high-grade manganese ore produced during 
the first period of activity was mined at the Southern mine, and the 
greater part of the low-grade ore was produced by the Cason mine. 

The early history and production of the Batesville district is sum- 
marized as follows by Penrose? 

The existence of manganese in the Batesville region has been known for over 

I forty years, but it has only been since 1881 that the ore has been mined to any 

considerable extent. Ool. Matt. Martin, of Batesville, was the first to discover 
the value of this ore, and between 1848 and 1850 he and Mr. M. D. Fields ac- 
quired large tracts of land in the manganese region. This was done on the ad- 
vice of Prof. Gerard Troost, who was then State Geologist of Tennessee. Col. 
Martin worked some of these lands to a limited extent and as early as 1850- 
1852 shipped small quantities of ore to Boston, New York, and Philadelphia. 
One shipment is also said to have been made to Liverpool, where it was used at 
the chlorine works of Charles Tennant, in Glasgow. At this earjy date, how- 
ever, there were no railways in the State, and the ore could be brought to mar- 

I ket only by hauling in wagons to the White River or Black River and shipping 

by barge to the desired destination. The ore mined by Col. Martin was taken 
to New Orleans In barges and shipped thence by sea. 
For over 25 years after Col. Martin's first shipments occasioijal small quanti- 

' ties of manganese were mined in the Batesville region. The ore shipped during 

this period was mostly if not altogether used for chemical purposes and not in 
the manufacture of steel, which to-day consumes the whole production of 
Arkansas. A few hundred tons would probably include the total quantity pro- 
duced up to 1868. In that year Mr. William Einstein, of St. Louis, made the 
first shipment of manganese from Arkansas for steel purposes. It was sent to 
Messrs. Schoenberger & Co., Juniata Iron Works, Pittsburgh, Pa. The ore was 

> shipped by barge down the White River, thence to the Mississippi, and up the 

Ohio to its destination. The total quantity amounted to 10 tons, which was 
sold at Pittsburgh for $30 per ton. At that time, however, the production of 
steel in the United States was very small compared with its present manufac- 
ture, and the demand for manganese was correspondingly less than at 
present. 
For 12 years after Mr. Einstein's shipment little or no mining was done in 

* the Batesville region. The test of Mr. Einstein's ore is said to have proved a 

success, but the comparatively small demand for manganese at that time was 
mostly supplied from Virginia, Georgia, and foreign sources. Moreover, there 
was still no means of railway transportation in the State, and it was not until 
1871-1872, when the St. Louis, Iron Mountain & Southern Railway was extended 

» PenroBe, R. A. P., jr., Manganese — its uses, ores, and deposits : Arkansas Geol. Survey 
Ann. Rept. for 1890, vol. 1, pp. 104-107, 1891. 
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south from the Missouri line to Little Rock, that shipping facilities were ob- 
tained. Even then Newport was the nearest railway point, and it was 35 to 40 
miles distant from the manganese region. The ore had to be shipped by barge 
to that place and there transferred to cars. It was not until 1886, when the 
Batesville branch line was extended to the manganese region, that the ore 
could be shipped all the way by rail. 

In 1881 Mr. E. H. Woodward, representing the Ferro-Manganese Co., started 
operations in Arkansas. Mr. Woodward had already become identified with 
the Georgia manganese region and was well known in all the other manganese 
localities of the Appalachian Mountains. He bought and leased tracts of land 
in the Batesville region and from then until 1887 mined intermittently, ship- 
ping altogether probably about 5,000 tons or more of ore. A large part of this 
came from the Southern, the Turner, the Trent, and the Montgomery mines. 

At the time Mr. Woodward began his operations the demand for manganese 
for use in steel was rapidly increasing, and the output of his mines, representing 
as it did the first systematic production of manganese in the Batesville region, 
found a ready sale. 

In October, 1885, the Keystone Iron & Manganese Co., of Pennsylvania, 
acquired large tracts of land in the Batesville region. They commenced opera- 
tions on the Southern Hill and have worked continuously ever since. They are 
the largest operators in the region and have probably mined over a half of the 
ore that has been shipped from Arkansas. Their total production since they 
commenced work until December 31, 1890, has been 18,111 tons. 

In the same year (1885) the St. Louis Manganese Co., of St. Louis, Mo., was 
organised and commenced work in the region of Cushman and elsewhere. They 
mined up to September, 1890, 1,700 tons of ore. About the same time the 
Missouri Furnace Co., of St. Louis, acquired manganese lands in the Lafferty 
Creek district,* but their work has been limited. The total output up to Sep- 
tember 1, 1890, was a little over 500 tons. Besides these companies others 
commenced operations at or near the same time, but their production has been 
small. Among them were the American Manganese Co., the White River Man- 
ganese Co., the Arkansas Manganese Co., and the Blair Mining Co., as well as 
others. 

The extension, in 1886, of the Batesville branch of the St. Louis, Iron Moun- 
tain & Southern Railway from Newport through Batesville to Cushman has 
greatly facilitated the transportation of the manganese ores and has opened up 
mining localities which would otherwise have been inaccessible. In 1888 Messrs. 
Abbot & Ring, of Chicago, opened up properties on Polk Bayou. Later the firm 
was changed to Skinner & Abbot, and in 1889 it was again changed to John B. 
Skinner & Co. Mr. Skinner has erected a large washer on Sullivan Creek, and 
energetic arrangements are now being made for the extensive mining and treat- 
ment of the manganese ores of that part of the Batesville region. The produc- 
tion of these firms from April 20, 1889, to June 26, 1890, w^as over 700 tons. 

Besides the companies already mentioned occasional shipments of manganese 
ore have been made by private individuals, among whom are H. M. Hodge, 
R. R. Case, I. N. Reed, J. P. Montgomery, John W. McDowell, A. A. Steele, Wm. 
Reves, J. B. Gray, Messrs. Pritchett, Russell, Drake, and others. These ship- 
ments, however, were small and a few thousand tons would cover the aggregate 
amount. 

Correct figures of the total amount of manganese mined in the Batesville 
region are difficult to get, except since the time the ore has been shipped by rail. 
The records of the ore shipped by barge down the White River before the rail- 
way was extended to Batesville were either not kept at all or have been lost. 
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It is probable, however, that the total amount of uiuiiganese Bhipped from the 
Batesville region from the time mining was lirst bL?gun until December 31, 1890, 
does not exceed 35,000 tons and is between that and 30,000 Ions. 

The Keystone Manganese & Iron Co., as stated by Penrose, began 
work at the 'Southern mine in 1885. The company operated this mine 
almost continuously until 1898 and produced from it between 30,000 
and 35,000 tons of high-grade manganese ore. which is almost one- 
half of the total output of this class of ore for the entire district. 
During parts of the period from 1885 to 1898 this company operated 
other mines also, among which were the Polk Southard, Turner, 
Cason, Greorge, Henley, G. A. Wilson (Lone Star), and J. A. Eeves 
mines. It mined and shipped 3,5riO to 4,000 tons from the Polk 
Southard mine, 3,000 tons or more from the Turner mine, and several 
hundred tons or less from each of the other mines. 

The Cason mine was operated by the Keystone Manganese & Iron 
Co. about 30 years ago, but it produced very little ore until 1904, 
Beginning in that year the mine was operated almost continuously 
until November, 1918, by various firms and persons, among whom 
were the Frisco Ore Mining Co., Batesville Manganese Co., and 
W. H. Denison. The total output from 1904 to 1918, inclusive, has 
been approximately 61,321 tons. A statement of the production by 
years is given on pix^Q V2. 

The Martin Manganese & Mining Co., of Roanoke, Va., operated 
the Polk Southard, Club House, Rowe Field, Blue Ridge, Cummins 
Hollow, and Shaft Hill mines in 1909 and 1910, after which these 
mines laid idle until 1915. From 1915 until November, 1918, these 
mines were operated more or less continuously by the Independence 
Mining Co., of which E. C. McComb, of Batesville, Ark., is owner 
and manager. 

W. H. Denison, of Cushman, Ark., has not only operated man- 
ganese mines in recent years but has acted as sales agent for the 
Independence Mining Co., the Eureka Manganese & Mining Co., 
R. S. Handford, N. A. Adler, and most of the other producers in 
the Batesville district. In 1905 he operated the Meeker mine on 
a small scale, and in 1916, 1917, and 1918, he operated various other 
mines, among which were the Kimbrough, Martin No. 2, Brooks 
Hill, Kimmer, Roseborough, Southern, Shaw, McConnell, Roach, 
Cason, and Turner. During parts of these years he and J. F. Barks- 
dale, of Anderson, Ark., operated the George, Johnson Hill, Sand 
Field, Manganese Field, Ruminer Rough, and Barksdale mines and 
the mine of the United Phosphate & Chemical Co. 

The Cushman Manganese Co., which is a firm consisting of three 
members, W. H. Denison, R. S. Handford, and J. F. Kennard, 
operated the Rogers mine in 1917 and 1918, and the Page and TTren 
mines in 1918. 
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The Eureka Manganese & Mining Co., of Cushman, Ark., of 
which W. H. Denison is president and W. H. Beatty is manager, 
began the operation of the Montgomery mine in May, 1917, and it 
mined, milled, and shipped about 3,600 tons of manganese-ore con- 
centrates during 1917 and 1918. The ore was concentrated in a 
washing plant that was erected by this company at the. mine. 

N. A. Adler, of Batesville, Ark., operated the Adler and Searcy 
mines in 1916 and 1917, and he, together with W. H. Denison, did 
some work in 1916 at the Club House mine and the W. A. Chinn 
cut. The production made at the Searcy mine by Mr. Adler during 
these years was 1,175 tons. 

Mines operated by R. S. Handford, of Batesville, Ark., during 
parts of 1916, 1917, and 1918 included the Pittman, Harvey, Ellen 
Clark, Klondike, and Rogers mines, and during parts of these years 
he, together with J. J. Skelton, operated the Skelton Hill, Verna, 
and Hankins Hollow mines. Besides being a member of the Cush- 
man Manganese Co., he was a partner with J. C. Shepherd in the 
erection and operation of a small washing plant at the Button pros- 
pect, in 1918. 

The Marqua Mining Co., of Granite City, 111., operated the Mount 
Etna, Grubb Cut, Lassiter, and Izard mines in 1917 and 1918 and 
did some work at the Tosh Hill, Section Eight, and Section Thirty- 
four prospects. The production of this company during these years 
was 1,182 tons of high-grade manganese ore and 460 tons of low- 
grade ore. All the above-mentioned properties belong to William 
Einstein, of St. Louis, Mo., who leased them to the company. 

J. C. Shepherd, a zinc operator in the Rush district of northern 
Arkansas, together with other persons leased and purchased several 
properties in the Batesville district in 1918. The Waco Manganese 
Co., a firm of which he is a member, erected a washing plant on the 
T. S. M. Patterson tract, 4 miles south of east from Cushman, and 
operated it for a short time in the fall of 1918. Mr. Shepl^erd and 
R. S. Handford built a small washing plant at the Button prospect 
and operated it for a short time in 1918. Mr. Shepherd and R. A. 
Baker mined and shipped several carloads of manganese ore from 
the Sis Clark mine in the last half of 1918. Mr. Shepherd and 
J. R. Wilson operated for a short time a small washing plant at the 
Ball mine and had partly erected a larger plant in November, 1918, 
on which work was stopped because no market for the ore eould be 
found after that time. Mr. Shepherd leased or purchased the 
W. W. Allen mine in the spring of 1918 and erected a washing plant 
near it. He was succeeded by the Leader Mining Co., of which he 
became president. The operation of the washing plant was begun 
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by this company in September, 1918, but it continued for only a 
short time. 

The Oklahoma-Arkansas Oil & Mining Co., of Holdenville, Okla., 
leased the Searcy mine from N. A. Adler in the spring of 1918, but 
it was soon succeeded by the Bill-Jim Mineral Co., of Holdenville, 
Okla., which erected a washing plant at the mine. The mine and 
washing plant were, however, not operated by the last-named com- 
pany, but later in 1918 Logan Rives leased the mine and operated it 
and the washing plant for a short time. Mr. Eives also operated 
the George and Ellen Clark mines for a few months in 1918. 

J. A. Welch leased the Roach mine from the Manganese Develop- 
ment Co. in 1918 and had partly erected a washing plant when man- 
ganese mining in the district was stopped, owing to the termination 
of the World War. 

The Oklahoma-Kansas Mining Co., of Miami, Okla., purchased, in 
1918, the Schlieper and Denison mines and erected a washing plant 
at the Denison mine. The plant was completed about the time when 
the armistice with Germany was signed and has not been operated. 

The United States-Canadian Manganese Co. purchased the Weaver 
tract, 4J miles north-northwest of Pfeiffer, and after some prospect- 
ing had been done it erected a washing plant which was practically 
completed in November, 1918. 

The Standard Manganese Co., of Chicago, 111., operated the Cutter 
mine in 1918 and erected a washing plant near East Lafferty Creek 
in which to separate the manganese ore from the inclosing clays. The 
production by this company was very small. 

S. B. McConnico, of Chicago, 111., did considerable prospecting on 
Bell Hill, ^ miles east of Cushman, in the spring of 1918, and the 
tract that he had prospected was leased by him and other persons, 
who organized the Liberty Manganese Co., of Chicago. The con- 
struction of a washing plant by this company was well advanced in 
November, 1918, when work on it was stopped. 

The United States Steel Corporation through its subsidiary com- 
panies, the Tennessee Coal, Iron & Railroad Co. and the Oliver Iron 
Mining Co., made several borings with diamond drills in the Bates- 
ville district in 1918 to find bodies of manganese ore like that in the 
Cason shale which is worked at the Cason mine. No such bodies 
were discovered. The records of most of the borings are given on 
pages 42-4:6. 

Other companies and individuals who have been operators or pros- 
pective operators in the Batesville district from 1915 to 1918 include 
the following: Ozark Manganese Co., of Superior, Wis.; Magnolia 
Mining Co., of St. Louis, Mo.; Stone County Mining Co., of Red 
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Stripe, Ark.; Loyalty Mining Association, of Holdenville, Okla.; 
Polk Bayou Mining Co., of Batesville, Ark.; Manganese Develop- 
ment Co., of Chicago, 111. ; National Manganese Co. 5 Vance Mining 
Co., of Batesville, Ark.; Ozark Mining Co., of Batesville, Ark.; 
Everton Mining & Development Co.; Anderson Manganese Co.; 
W. A. Hamer, of Sandtown, Ark. ; Henry Clark, of Cave City, Ark. ; 
D. E. Woodbridge, of Duluth, Minn. ; E. W. Buskett, of Joplin, Mo. ; 
Walter Denison, jr., of Cushman, Ark.; W. A. King, of Mount 
Pleasant, Ark. ; T. M. Tate, of Anderson, Ark. ; T. F. Shell, S. W. 
Deener, I. J. Matheny, and Ernest Neill, of Batesville, Ark.; W. E. 
Barnes, J. R. Martin, W. C. Collie, Jim Wolford, W. T. Gray, George 
Brewer, and H. H. Anderson. 

The production of manganese ore and ferruginous manganese ore 
in the Batesville district by years, from 1849 to 1921, inclusive, is 
given in the accompanying table, which is compiled mainly from 
Mineral Resources, published by the United States Geological Sur- 
vey, but partly from other sources. 

Manganese and ferruginous manganese ores produced in the Batesville district. 
Ark., 1849-1921, in long tons. 



Year. 


Manmnese 

ore (35 per 

cent or 

more of 

ese).<» 


Ferrugin- 
ous man- 
ganese ore 
(10 to 35 per 
cent of man- 
ganese). 


Year. 


ore (35 per 
center 
more of 

mangan- 
ese).o 


Ferruirfn- 
oiis man- 
ganese ore 
(10 to 35 per 
cent of man- 
ganese). 


1849-1867 


600 

10 

100 

175 

400 

800 

1,483 

3,316 

5,651 

4,312 

2,528 

5,339 

1,650 

6,708 

2,020 

1,934 

2,991 

3,421 

3,240 

2,662 

356 

145 




1901 

1902 


91 

82 




1868 . .... 






1881 




1904 


600 


1882 




1905 




3,321 


1883 




1906 


62 


8,900 
4,133 
4,066 
3,325 


1884 




1907 


1885 




1908... ■ 




1886 




1909 




1887 




1910 


500 


5,030 
2,177 
1,332 
9,650 
l!970 


1888 




1911 


1889 . .. 




1912 




1890 




1913 




1891 




1914 




1892 




1915 


i,288 
6,260 
10, 140 
7,731 
2,558 
3,445 
728 


2,655 


1893 


160 


1916 


3,645 


1894 


1917 


9,100 


1895 




1918 


9,173 


1896 




1919 


664 


1897 




1920 


4,403 
278 


1898 




1921 


1899 








1900. - - 




82,716 


74,482 







» The figures for production of manganese ore for 1910 and previous years perhaps in- 
clude a small amount of ore carrying less than 85 per cent of manganese. 

GEOGRAPHY. 

BELIEF. 

The Batesville district is on the southern edge of the Ozark Pla- 
teau, south of which lie the Boston Mountains. Both the plateau 
and the mountains are subdivisions of the Ozark region. 
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The district here described is rough, but the relief is not great. 
Many narrow valleys trench all parts of its plateau surface, so that 
very little level land remains. The lowest elevation, which is less 
than 250 feet above sea level, is on White Kiver near Batesville, and 
the highest, 950 feet, is on Pine Mountain. The streams flow in 
channels that are generally 100 to 400 feet below the crests of the 
hills and ridges. The hill slopes are steep, and there are many bluffs 
adjacent to the streams, especially on the outer sides of the stream 
bends. (See PL II, A.) Of the bluffs along White River (see PI. 
Ill, A and B) the largest and most picturesque is Penters Bluff, 
which is about 1 mile long and about 400 feet high. The small 
number of level tracts and the more gentle slopes are mantled with 
residual soil or with wash from higher ground. Kock outcrops are 
common in most parts of the district but are especially abundant on 
the steeper slopes. 

The Batesville district is not a single plateau but comprises parts 
of three plateaus which are separated by low and very sinuous escarp- 
ments. These plateaus from south to north are the Batesville, 
Springfield, and Salem plateaus. The middle one of these, the 
Springfield Plateau, stretches from east to west through the center 
of the district. It is 8 to 10 miles wide, and on or near its north 
border Gid, Mount Pleasant, Sandtown, and Hickory Valley, are 
situated, and on or near its south border Sulphur Rock, Moore- 
field, and Batesville are situated. Although this plateau is exten- 
sively dissected, many of the interstream areas, which are hills and 
narrow finger-like ridges, are flat topped and in any view that shows 
the sky line of the country are seen to be remarkably uniform in 
height. The surface of the plateau, however, is not level, but slopes 
to the south from about 26 feet to about 50 feet per mile. The 
highest points on its north border are from 700 to 900 feet above sea 
level, whereas most of those on its south border range from 500 to 
600 feet above sea level. The plateau is formed by the resistant 
Boone chert, though a part of it, lying north of Sulphur Rock and 
Moorefield, is underlain by the Moorefield shale and Batesville sand- 
stone. The general southward slope is due to the dip of the Boone 
chert in this direction. Most of the manganese deposits occur in 
the valleys and on and near the crests of the hills within this plateau 
area ; none have been found south of it and very few north of it. 

North of the part of the Springfield Plateau described above lies 
another plateau that is known farther north and west as the Salem 
Plateau. The Salem Plateau is separated from the Springfield 
Plateau by a low, sinuous escarpment, known farther west as the 
Eureka Springs escarpment. The surface of the part of the Salem 
Plateau within the Batesville district has about the same elevation 
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trict, and the streams north and north- 
east of Cave City enter Strawberry 
Eiver, which joins Black River. White 
Eiver is navigable above Guion at the 
west end of the Batesville district, and a 
series of three dams and locks have been 
built by the United States Government 
to aid navigation. One of these is just 
below Batesville, the second is at Earn- 
harts, and the third is at Walls Ferry 
station. Next to White River the largest 
streams of the area are West Lafferty, 
East Lafferty, Spring, and Sullivan 
creeks and Polk Bayou, the last of 
which is really a creek and not a bayou. 
Many of the creeks are perennial and are 
supplied with water from springs in all 
parts of the area. They can be easily 
forded throughout most of the year but 
are subject to sudden rises after heavy 
rains. 

CULTURE. 

The Batesville district is not densely 
populated, though all parts of it are in- 
habited. The largest town is Batesville 
the county seat of Independence County. 
Among the smaller towns and the more 
important villages are Cushman, Cave 
City, Mount Pleasant, and Guion. 

A branch of the Missouri Pacific 
Railroad passes through Sulphur Rock, 
Moorefield, and Batesville and thence 
follows the left bank of White River to 
and beyond the western limit of the dis- 
trict. Short branches of this railroad 
extend to Pfeiffer and Cushman. A 
spur formerly ran from the mouth of 
Lafferty Creek to the village of Phos- 
phate, but both the spur and the village 
have long been abandoned. 

Public and secondary roads reach all 
parts of the district, but only a few of 
them are maintained in good condition, 
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although limestone, broken chert, and gravel suitable for road build- 
ing are at hand in many places. Owing to the roughness of the 
country the roads follow very few of the lines of sections or town- 
ships. 

The district is adapted to general farming, fruit-growing, and 
grazing, and agriculture is the chief occupation. Lumbering is also 
important. The mining of manganese ore has, however, at times 
been one of the most important industries. A limestone quarry at 
Pfeiffer that furnishes a high-grade building stone has been in op- 
eration for many years, and limestone has been quarried at other 
places for building stone and for making lime. Sandstone has been 
quarried for local use as a building stone, and a quarry at Guion has 
yielded glass sand. 

GEOLOGY. 

BOCK rOBMATIONS. 

OEKBRAIi FEATtniES. 

All the rocks of the Batesville district that have been exposed or 
penetrated by wells are of sedimentary origin. They comprise sand- 
stone, shale, limestone, chert, and some beds of gravel and sand. They 
are of Ordoviclan, Silurian, Devonian, Carboniferous, Cretaceous ( ? ) , 
and Quaternary age. They are graphically represented in the gen- 
eralized sections in Plate IV, and their names and sequence together 
with their stratigraphic positions as determined by different geol- 
ogists are shown in the correlation table opposite this page. 

ORDOVICIAN SYSTEM. 
ST. PETEB SANDSTONE AND OLDER BOCKS. 

The St. Peter sandstone is the surface rock over most of the area 
that is represented on the map (PI. I) by the pattern designated as 
St. Peter sandstone and older rocks. Most of the rocks below this 
sandstone are drab-colored magnesian limestones, but some are sand- 
stones, and they crop out on West Lafferty, East Lafferty, and Sul- 
livan creeks and Polk Bayou. They were penetrated to a depth of 
1,615 feet in the well at the Southern mine, the log of which is given 
on pages 45, but their greatest observed thickness, 210 feet, is on 
the west slope of Pine Mountain. Future studies will be required 
to group the beds below the St. Peter sandstone into formations, and 
many or all of the groups thus determined will doubtless be found 
to be equivalents of rock formations to which names have been as- 
signed in other parts of the Ozark region. Some of the lowest beds 
reached in the above-mentioned well may prove to be of Cambrian 
age. 
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BULLETIN 734 PLATE II 




A. VIEW LOOKING DOWN POLK BAYOU, 4i MILES NORTH OF BATESVILLE, 

SHOWING A BLUFF ON THE OUTSIDE OF A BEND IN POLK BAYOU. 

The bluflF is composed of the Plattin limestone. Photograph by W. R. Crane. 




B. VIEW LOOKING NORTH AT PENTERS BLUFF STATION, SHOWING CHARAC- 
TERISTIC OUTCROPS OF PLATTIN LIMESTONE ON THE HILL SLOPE. 
Manganese ore ready for shipment is shown on platform near railroad. 
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Composite section of rocks exposed 
in most of the principal man^a - 
nese-bearin| areas of the Bates- 
ville district 
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Composite section of all rocks 
exposed in the Batesville district 
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> GENERALIZED SECTIONS OF THE PALEOZOIC ROCKS EXPOSED IN THE BATESVILLE DISTRICT. 
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A. PINNACLES OF ST. PETER SANDSTONE. KNOWN AS HOODOO ROCKS. ON SUL- 
LIVAN CREEK, 5 MILES EAST OF CUSHMAN. 

Photograph by W. R. Crane. 




B. HILL SLOPE ON EAST SIDE OF SULLIVAN CREEK, 5i MILES NORTH OF BATESVILLE. 
Shows outcrops of the Joachim and Plattin limestones. 
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The St. Peter sandstone is exposed over large and small areas in 
the northern part of the Batesville district, the largest ones being 
near Mount Pleasant, Sandtown, and Cave City. It is the oldest 
formation with which the manganese ores are associated, though 
they do not occur in the sandstone but in residual clays and in recent 
stream wash lying upon it. The thickness of the sandstone varies 
from place to place, and as erosion has cut through it to the under- 
lying limestones at only a few places in the area examined by the 
writer few opportunities were afforded for measuring its entire 
thickness. The thickness is 200 feet on the west slope of Pine Moun- 
tain, at least 75 feet 1^ miles west-northwest of Williamson, 125 feet 
in the vicinity of Cushman, as shown by the log of the well at the 
Southern mine, and 120 feet in the vicinity of Sandtown. The 
sandstone of which the St. Peter formation is composed is massive 
and is either white or cream-colored on fresh surfaces but brown on 
much of its exposed surface, owing to the oxidation of included 
pyrite. It consists of well-rounded, medium-sized, transparent 
quartz grains, cemented by a small amount of calcium carbonate. It 
becomes friable on weathering, in places shows lamination, cross- 
bedding, and ripple marks, and in the many bluffs formed by its 
outcrops it presents fluted surfaces. (See Pis. Ill, J., and V, A.) 

JOAOHIX LXXE8T0KE. 

The Joachim limestone is exposed as narrow bands on the slopes 
of the hills over much of the area here described. It represents 
the lower part of the " Izard limestone," so called in previous geo- 
logic reports on this part of northern Arkansas. Its thickness 
ranges from 20 to 150 feet, the minimum being found at a locality 
1^ miles west-northwest of Williamson and the maximum at the 
mouth of Blowing Cave Creek, but at most places the thickness is 
between 40 and 100 feet. 

The formation consists almost entirely of drab-colored fine- 
grained magnesian limestone, whose rather massive beds crop out 
on the hill slopes as rough ledges. (See PI. V, 5.) The lower- 
most beds are very sandy and at a few places are interbedded with 
thin layers of cream-colored sandstone. The sand grains in both the 
limestone and the sandstone are well-rounded translucent quartz 
grains, like those that make up the St. Peter sandstone. Fossils 
are very meager; the writer observed only a few Cryptozoa and a 
single Orthoceras in the lower part of the limestone, at a locality 
near the mouth of Blowing Cave Creek. 

Residual clays and other surficial materials not only partly conceal 
the limestone, but at many places extend down into subsurface chan- 
nels, some of which were formed by the widening of fissures along 
joints. Among these materials at some localities there are masses of 
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manganese ore. A small quantity of sphalerite (zinc sulphide) lias 
been found in the limestone by the roadside about half a mile north 
of Cave City. 

PLATTZV LIXSSTOKE. 

The Plattin limestone is the surface rock over a large part of 
the Batesville district. Its area of outcrop is in an irregular 
eastward-trending belt, in parts of which the limestone is still 
concealed by younger rocks, and in other parts it has been completely 
eroded, so that older rocks are exposed. In this belt it is not only 
exposed in many bluffs, but ledges and loose boulders of it abound 
on the hiU slopes. (See Pis. H, A and B; III, B; V, B; and 
XV, B,) Many areas where the Plattin limestone and the Joachim 
limestone are exposed have an exceedingly rugged surface and are 
locally known as " roughs." The thickness ranges from 128 feet to 
240 feet, the minimum being at a locality three-fourths of a mile 
northwest of Guion and the maximum on Polk Bayou between the 
mouths of Sullivan and Cave creeks. The thickness at most places 
is about 200 feet. The Plattin limestone is even bedded and occurs 
in both thin and thick layers. Most of it is dove-colored or grayish 
blue, though a few thin beds are buff. It is compact and has a con- 
choidal fracture, and its texture is homogeneous, except that it con- 
tains many minute cavities filled with colorless calcite crystals. At 
places it has yielded a few fossils. 

Lithographic stone has been found in the Plattin limestone at a 
few localities. The following paragraph concerning it is abstracted 
from Hopkins's report : * 

Certain layers of the Plattin limestone are so fine grained as to 
appear like lithographic stone of good quality, but thus far the search 
for such stone has not been successful. The most promising locality 
is on West Lafferty Creek, where lithographic stone was obtained 
from layers 2 to 4 inches thick which aggregate about 2 feet in total 
thickness. The greater part of this stone was worthless on account 
of the fine crystalline particles scattered through it. 

The limestone has been burned for lime one-half mile west-north- 
west of Williamson, but the kiln had been abandoned before the 
time of visit. Several caves have been made in the Plattin limestone 
by solution along fissures. Some of these are on Cave Creek, but the 
most noteworthy of them is Blowing or Farrell Cave, 1 mile west of 
Cushman, which has been formed largely in the Plattin limestone 
but partly in the overlying Kimmswick limestone. 

The limestone itself does not contain any manganese ore, but 
residual clays and stream wash that overlie the weathered edges of 
the limestone or that fill subsurface cavities, channels, and hollows, 

A Hopkins, T. C, Marbles and otber limestones : Arkansas Qeol. Surrey Ann. Ropt. for 
1890, vol. 4, pp. 111-112, 1893. 
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many of which were formed by the widening of fissures along joints, 
contain much of the richest manganese ore of the Batesville district. 
(See Pis. XII and XV, B.) 

In the earlier geologic reports on this part of Arkansas the Plattin 
has been described as the " Izard limestone," but the " Izard " as it 
was defined included not only the Plattin but also the Joachim lime- 
stone. The contact between the Joachim and Plattin limestones 
wherever it was observed by the writer, is even, but according to 
Ulrich these two formations are separated by a stratigraphic break, 
which he says is partly represented farther west in Arkansas by the 
Jasper limestone. He saj^s also ° : " So far as known the Plattin lime- 
stone corresponds to the Platteville limestone of the upper Mississippi 
Valley and to the Lowville limestone of New York. Hence the break 
between the Plattin and Joachim limestones is represented in the last- 
named regions by the Stones River and Chazy limestones, which are 
approximately 2,000 feet thick." 

EIXXSWICE LIXESTOKE. 

The Kimmswick limestone is exposed in very narrow belts on the • 
hill slopes in much of the manganese-bearing area. Like the under- 
lying Joachim and Plattin limestones it contains no manganese ore, 
but residual clays that overlie its surface or that extend downward 
into solution channels in it contain manganese ore at many places. 
Its thickness ranges from 12 to 55 feet, the minimum thickness having 
been measured at a locality three-fourths of a mile northwest of Guion 
and the maximum at the O'Flinn prospect, 2 miles northwest of 
Pfeiflfer. The following measurements show its thickness at other 
places in the Batesville district: On the hill north of the mouth of 
Cave Creek, 48 feet; on Polk Bayou, at the mouth of Prairie Creek, 
30 feet; on the south slope of Blue Bidge, 1^ miles northeast of Cush- 
man, 25 feet; on East Lafferty Creek, at the abandoned village of 
Phosphate, 20 feet ; in the saddle one-half mile east of Penters Bluff 
station, 22 feet; and at the northwest end of Penters Bluff, 40 feet. 

The Kimmswick limestone is an even-bedded massive light-gray 
fine-grained limestone, but at some places it is coarse grained, and 
at others its uppermost beds are compact and grayish blue, thus re- 
sembling the greater part of the Plattin limestone. (See PL VI, A.) 
Although it is generally fossiliferous identifiable fossils have been 
obtained at only a few places. Most of the fossils are white and 
chalky and are thus lighter in color than the other parts of the lime- 
stone. Thin lenses and nodules of light and dark colored chert are 
present at many places and are more numerous in the upper part of 
the limestone than in the lower part. The lowest bed on West Laf- 
ferty Creek contains much quartz, sand and on weathering, by which 

• Personal communication. 
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the calcium carbonate is dissolved out, forms a porous brown sand- 
stone. Exposed boulders and ledges of the limestone abound through- 
out a large part of its belts of outcrop, and in places their weathered 
surfaces are rough and knotty. 

The Kimmswick limestone overlies the Plattin limestone and is in 
turn overlain by the Femvale limestone, and although the exposures 
examined by the writer indicate that the contacts between them are 
even, each of these limestones, according to XJlrich, who has studied 
their fossil and stratigraphic relations over a much wider area than 
the writer, is separated from the next by an unconformity. 

The correlation table opposite page 16 shows that the limestone to 
which the name Kimmswick is now applied was included in the 
lower part of the St. Clair limestone of Penrose • and in the lower 
part of the St. Clair marble of Branner and Newsom,^ and that«it 
constituted the lower part of the Polk Bayou limestone of Williams 
and some later writers.® Ulrich ® was the first geologist to recognize 
the limestone here described as being the same as the Kimmswick 
limestone of Missouri. 

nSBHVALS LXXXSTOVS. 

The Femvale limestone is the surface rock on the hill slopes in 
much of the manganese-bearing area. It is, in fact, the source of 
most of the manganese ore that has been produced in the Batesville 
district. Although some minable ore occurs in the limestone, espe- 
cially in its uppermost beds, the greater part of the minable ore that 
is derived from the rock occurs in residual clays, which lie on nolj only 
this limestone but also the Kimmswick, Plattin, and Joachim lime- 
stones. The ore in the clay and in the limestone consists of masses 
of manganese oxides. The masses in the clays range in weight from 
less than 1 pound to 22 tons, and they have been set free from the 
limestone by the solution and removal of the calcium carbonate. The 
oxides have been derived from manganese-bearing carbonates by 
superficial weathering and do not extend below the permanent 
ground-water level. The ores in or derived from the Femvale lime- 
stone are fully described under the heading "Ore deposits" (pp. 
59-^9). 

• Penrose, R. A. F., jr., MangaBese — its um8» ores, and deposits : Arkansas Geol. Survey 
Ann. Rept for 1890, vol. 1, 1891. 

7 Branner, J. C, The phosphate deposits of Arkansas: Am. Inst. Min. Ensr. Trans., 
vol. 26, pp. 580-598, 1897. Bnumer, J. C, and Newsom, J. F., The phosphate rocks of 
Arkansas: Arkansas Agr. Ezper. Sta. Bull. 74, pp. 61-123, 1902. 

• Williams, H. S., mie Paleozoic faunas of northern Arkansas : Arkansas Geol. Survey 
Ann. B^t. for 1892, vol. 5, pp. 268-^62, 1900. Ulrich, £1 0.» Determination and correla^ 
tion of formations [of northern Arkansas] : U. S. Geol. Survey Prof, Paper 24, pp. 90- 
118, 1904. Harder, E. C, Manganese deposits of the United States, with sections on 
foreign deposits, chemistry, and uses: U. S. Geol. Surrey BuU. 427, pp. 102-118, 1910. 

• Ulrich, E. O., Revision of the Paleozoic systems : GeoL Soc. America Bull., vol. 22, 
p. 421, pis. 27 and 28, 1911. 
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The Fernvale limestone ranges in thickness f r<Mn a feather edge to 
125 feet, the maximum thickness occurring at Penters Bluff. It is 
about 100 feet thick at most places in the area here described, but it 
thins westward so that it is only 28 feet thick at a locality three- 
fourths of a mile northwest of Guion, and it thins out to the east 
less than i mile southwest of Hickory Valley. Farther east it is ap- 
parently absent. The following thi<5knesse6 were measured at other 
localities : On the south point of the hill one-fourth of a mile west of 
the Cason mine, 25 to 30 feet; on Polk Bayou, 2^ miles north of 
Batesville, 100 feet ; on the south point of the hill north of the 
mouth of Cave Creek, 85 feet ; on the south slope of Blue Ridge, 1^ 
miles northeast of Cushman, 65 feet; at the Club House mine, half 
a mile north of Cushman, 95 feet; on East Lafferty Creek, near 
the site of the abandoned village of Phosphate, 100 fei||; and in Han- 
kins Hollow, IJ miles northeast of Penters Bluff station, 115 feet. 

The Fernvale limestone consists almost wholly of limestone. The 
other constituents are the manganese ore and a small quantity of 
chert. The limestone is coarse grained, massive, and cross-bedded. 
Its exposed ledges are friable and have rough surfaces, and on some 
steep slopes thin slabs break off parallel with exposed surfaces that 
are at high angles to the bedding. The color is dark gray, but the 
unweathered parts of the limestone as well as some of the weathered 
parts have a pinkish cast. Parts of the limestone, especially the up- 
permost beds, are very dark gray or brown, owing to iron and manga- 
nese oxides that are more or less uniformly disseminated through tlie 
rock. A few fossils occur in all parts of the limestone, but they are 
most numerous in beds near the top and near the base. The follow- 
ing analyses show the composition of the limestone : 

Analyses of the Fernvale limestone. 



Manganese (Mn) 

Ferric oxide (FejOi) 

Alumina (A1»0») 

SUlca(SiOs) 

Lime(CaO) 

Magnesia (MgO) 

Potash (K«0) 

Soda(NatO) 

Phospboric acid (PiO») 

Water (H.0) 

Carbonic acid (COt) 

Loss on ignition (COj, etc.) . 



03.09 

2.33 

4.16 

4.10 

U,ol 

.30 

.85 

.16 

3.02 

2.25 

33. S8 



98.15 



a Computed from MnaO^. 



ft Computed Irom MnOs. 



43.08 



99.82 



tail 




.11 


0.27 


.24 


.10 


.73 


.09 


64,83 


65.21 


.24 


.27 


.01 




.48 






.35 











43.39 



100.28 



1. From Hankins Hill, near the head of Hankins Hollow, IS miles northeast of Penters 
Blnff station. R. N. Brackett, analyst. Penrose, op. dt., p. 180. 

2. FVom the Brooks Hill mine, li miles east-soutneast of Cushman. R. N. Brackett, 
analyst. Hopkins, T. C, Marbles and other limestones: Arkansas Geol. Survey Ann. 
Rept for 1890, vol. 4, p. 217, 1893. 

3. Prom lower Polk Bayou. R. N. Brackett, analyst. Hopkins, T. C, idem, 

104569—22 3 
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At some places the limestone contains nodules and thin lenses of 
gray and brown chert and many irregular masses of brown chert, 
some as much as several feet in their longest dimensions. Many 
such nodules and masses have been freed from' the limestone by 
weathering, so' that they are now more numerous in the residual 
clays than in the limestone. They are found in the manganese- 
bearing clays at many of the mines and prospects, one of the most 
noteworthy occurrences being at the Southern mine. There, as well 
as at other places, the chert contains much drusy quartz and many 
doubly terminated quartz crystals, half an inch or less in their 
longest dimension, which are now found on the waste dumps. Many 
of the crystals are transparent, but most of them are brown from the 
presence of minute inclusions of manganese oxide. The chert is 
porous, and nftch of it contains casts of fossils. The presence of 
most of this chert in residual clays several miles from any known 
occurrence of the unaltered limestone indicates that the limestone 
once existed at these localities, though all its constituents except the 
insoluble chert and clay have been removed. 

Although exposures of the Fernvale limestone are numerous, 
especially iA bluffs and on steep slopes, it is concealed over much 
of the Batesville district by its own residual clay and by clays and 
fragments of chert derived from younger rocks. Most of the clay 
that is residual from the limestone is sticky, and the prevailing colors 
are red and chocolate-brown, but in places some of it is yellow. 
These clays and the other surficial materials overlie the irregular 
surface of the unweathered limestone, in which underground hollows 
and channels 50 feet or more deep have been formed by solution. 
(See figs. 4, 5, and 17.) Such channels and hollows, as well as the 
limestone pinnacles and horses that separate them, are well dis- 
played in open cuts at the Cummins Hollow and Club House mines. 
Some of the channels are straight and represent widened fissures 
along joints. A few caves and sink holes also have been formed in 
the limestone. One of these caves is on the W» K. Tate place, 2i 
miles north of Penters Bluff station ; another is at the Harvey mine, 
just east of Penters Bluff station ; a third is a blowing cave in Han- 
kins Hollow, IJ miles northeast of Penters Bluff station; a fourth is 
at the Club House mine, half a mile north of Cushman ; and a fifth, 
known as the Searcy cave, is just east of the Searcy mine, 3^ miles 
north-northwest of Pfeiffer. Manganese ore has been mined in the 
caves at the Harvey and Club House mines. 

The Fernvale limestone, as stated in the description of the Kimms- 
wick limestone, rests unconformably upon that limestone and it is 
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unconfomiably overlain by the Cason shale and T^here the Cason 
is absent by younger formations. The upper surface of the Fern- 
vale is irregular, containing channels and fissures, some as much as 
2 feet deep, that ai^ filled with the materials of the succeeding de- 
posit, which is usually conglomeratic or earthy, but at a few places 
the fissures contain a gray oolitic limestone. 

The Fernvale in the Batesville district is the oldest formation of 
Richmond age. The Richmond deposits are placed in the Ordovician 
system by the United States Geological Survey^ but they ax*e placed 
in the Silurian system by Ulrich. The Fernvale was included in the 
St Clair limestone of Penrose,^® in the St. Clair marble of Hopkins, 
Branner, and Newsom,^^ and in the upper part of the Polk Bayou 
limestone of Williams and other geologists.^^ It was first identified 
by Ulrich ^* as being the same as the Fernvale limestone of middle 
Tennessee. 

0A80K SHALE. 

The Cason shale received its name from its occurrence at the Cason 
mine. 3 miles north-northeast of Batesville. This shale and the Fern- 
vale limestone just described are the manganese-bearings formations 
of the Batesville district. The manganese ores in it consist of 
manganese oxides, which occur as irregular masses, as thin seams and 
ledges, and as " buttons " both in the residual clays and in the unde- 
composed shale. Iron oxides occur in the same forms. The original 
form of the manganese in the shale was a carbonate, and the forms of 
the iron were a carbonate and a sulphide. Tlie ores are fully de- 
scribed under the heading "Deposits in the Cason shale and its 
residual clay," beginning on page 57. 

The Cason shale is generally present in the vicinity of Cushman, 
Penters Bluff station and Williamson, and along East and West 
Dafferty creeks and their tributaries, but it is absent along most of 
the course of Polk Bayou and at most places farther east. It appears 
to be absent in the vicinity of Guion, although the rocks in that part 
of the district were not studied in as great detail as they were farther 
east. 

»» Penrose, R. A. P., jr., op. clt. 

»* HopklBS, T. C, Marbles and other limestones : Arkansas Geol. Survey Ann. Kept, for 
1890, vol. 4, 1893. Branner, J. C, op. cit, pp. 580-598. Branner, J. C, and NewBom, 
J. F., op. cit., pp. 61-123. 

^WUlUims, H. S., op. cit., pp. 268-362. Ulrich,. E. O., Determination and correlation of 
formations [of northern Arkansas] : U. S. Geol. Survey Prof. Paper 24, pp. 90-113, 1904. 
Purdue, A. H., Developed phosphate deposits of northern Arkansais^ : U. S. Geol, Survey 
Bull. 315, pp. 463-473, 1907. Harder, E. C, op. cit,, pp. 102-118, 1910. 

13 Ulrich, E. O., Revision of the Paleozoic systems : Geol. Soc. America Bull., vol. 22, 
p. 421, pis. 27 fend 28, 1911. 
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The shale is thin, at no place exceeding 12^ feet in thickness, but 
its residual clay at the Montgomery mine is 20 feet or mcnre thic^ 
suggesting that the shale at that locality was probably -more than 
12i feet thick. A bed of shale 22 feet thick and an underlying bed 
of phosphate i*ock 1 foot thick which were found in a drill hole in 
the XE. i SE. i sec. 25, T. 14 N., R. 6 W., are doubtfully caUed Cason 
shale. Thicknesses that were measured at other localities are as 
follows : O'Flinn prospect, 2 J miles northwest of Pfeiffer, 3 feet or 
more ; Cason mine, Q to 10 feet ; Blue Ridge mine. 1^ miles northeast 
of Cushman, 8 feet or less; Club House mine, half a mile north of 
Cushman, 44 feet ; Meeker mine, half a mile west of Cushman, 6 feet 
more or less; Frazier prospect, 2 miles west by south of Cushman, 
about 10 feet ; F. M. Barnes prospect, 3 miles west*southwest of Curfi* 
man, 11-12 feet; S. W. Weaver mine, 3i miles west-southwe^ of 
Cushman, 2i feet; Martin No. 2 mine, 4 miles west-southwest of 
Cushman, 3 feet or more ; Kimbrough mine, 4 miles west-southwest 
of Cushman, 3 feet or more ; Button prospect, li miles east -southeast 
of Penters Bluff station, to 4 feet : Hinkle mine (one of Pittman 
mines), IJ miles northeast of Penters Bluff station, 2 feet ; abandoned 
phosphate mine on west side of Lafferty Creek, 1} miles southeast of 
Penters Bluff station, 10 feet 11 inches to 12 feet 5 inches;^* north- 
west end of Penters Bluff, 1 foot; bluff just south of Penters Bluff 
station, a few inches ; and C. L. Sanders prospect, half a mile west 
of Anderson, 3 feet. 

The Cason shale is composed mainly of shale but partly of sand- 
stone and phosphate rock. Not only does the proportion of these 
constituents and of the manganese and iron minerals vary from 
place to place but their character also varies considerably, so that 
not many sections of the formation made at distant or even near-by 
places would be the same. 

The shale is greenish gray, platy, and calcareous and contains 
more or less quartz sand and phosphatic material. Several pieces 
of tlie shale were tested for phosphate, and it was found in them 
all, indicating that at least a small quantity of it is probably present 
in all the shale. At a few places the phosphatic material occurs as 
small pebbles, some of which are almost 1 inch in their longest 
diameter. The shale in most of its exposures has been affected con- 
-siderably by weathering, so that at such places it is yellow or brown, 
'but at the Cason mine most of it, as it was revealed in the workings 
;a.t the time of examination, was red. Only a small part of the shale 
there retains its greenish-gray color. 

A bed of sandstone, attaining at places a thickness of several feet,. 
is generally present west of Polk Bayou wherever the formation 

^ X'urdue, A. H., op. cit., p. 469, 1907. 
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occurs. This sandstone is greenish gray, brown, or yellow ; it con- 
tains quartz grains and more or less phosphatic material, which 
occurs in the form of fragments of shells or of grains and pebbles 
1 inch or less in their longest dimension, some well-rounded and 
some angular, and it is known as '^ phosphate rock " on account of 
its content of phosphorus. It is exposed as ledges on the hill slopes, 
and blocks of it lie on the slopes beloi^ the exposed ledges. The 
ledges are a great aid to prospectors for manganese ore because the 
ore is always found below them. A specimen of the sandstone that 
was collected in Lafferty Hollow contains numerous grains of 
glauconite. 

Microscopic study of thin sections of the sandstone and shale 
by E. S. Larsen and the writer revealed the presence of small grains I 

of zircon, but it failed to reveal any volcanic ash or feldspar, which ' 

Wolff, who studied a few thin sections, concluded might be present." j 

The supposed volcanic ash, as suggested by Hayes,^® who studied 
similar material in central Tennessee, was found to be phosphate; I 

the supposed feldspar appears to be fragments of phosphatic shells 
that show curved light and dark colored bands under crossed nicols 
in the microscope. 

Although phosphate is widely distributed in the Cason shale, it 
has been mined in commercial quantity at only a few places in the 
vicinity of the abandoned village of Phosphate. The mines have i 

not been worked for several years. The developed deposits were i 

described by Purdue,^^ and deposits in all parts of the Batesville 
district were described by Branner and Newsom.^^ 

The section at the principal phosphate mine, which is on Lafferty 
Creek IJ miles southeast of Penters Bluff station, is given below.^^ 

Seotimi at phosphate mine H miles southeast of Penters Bluff station, 

St Clair Umestone. 

[Cason shale:] Ft. in. 

Brown to black shale ^— 1 2 

Low-grade manguniferous iron ore 1 3 

Green to dark clay shale 1 2 

High-grade phosphate 4^-6 

Manganiferous iron ore 2 

Low-grade phosphate 4 

Polk Bayou [Femvale] limestone. 

>«Penrc#e, H. A. F., Jr., op. cit, pp. 127-128, 170, 594. 

»• Hayes, C. W„ The Tennessee phosphates : U. 8. Geol. Surrey Seventeenth Anm Kept., 
pt 2, p. 522, 1806. 

»7 Purdue, A. H., op. clt, pp. 463-483, 1907. 
"Bnuiner, J. C, and Newsom, J. F., op. cit 
>• PiirdU«» A. H., op. ctt„ pp. 469^70. 
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The two phosphate beds mentioned in the abore secticm are de* 
scribed as follows by Purdue :*• 

It is only the upper of the two phosphate beds that is now quarried for 
commercial purposes. This is a compact, homog«ieous, light-gray rock with 
a specific gravity of about 3. At a distance it has the appearance of vol- 
canic tuff. The color is due to smaU white particles that are thoroughly 
mixed with dark-gray materiaL The white particles appear to the anaided 
eye and under the magnifier as If they might be smaU fragments of bones. 
The dark-gray material is made up of particles of varying size, some so 
small that they can be seen only with the magnifier, others a quarter of an 
inch in diameter. These particles are more or less angular, some of them 
strikingly so, making the stone distinctly conglomeratic in appearance. The 
stone emits an earthy odor. In order to determine whether the gray 
particles are really fragmentary material or concretions and also to ascer- 
tain the nature of the white fragments, a specimen was submitted to Dr. 
Albert Johannsen, of the United States Geological Survey, for microscopic 
examination, who reports as follows : 

''The thin section is made up chiefly of organic remains, perhaps frag- 
m^its of bone, in a cement of calcite, with very little of an isotropic, deep- 
purplish mineral, having an index very much less than Canada balsam — 
probably fiuorite. The sections show no concretions; the calcite seems to 
be a filling between the fragments of bone." 

A small portion of rock at the outer edge has been leached of lime by 
surface waters and when freshly quarried is dark colored. This ia called 
by the quarrymen "black phosi^iate." It contains a considerable amount 
of water, to which the color is attributable, and is richer in phosphate than 
the remainder of the bed. 

The lower bed is similar to the upper one, though darker in color, more 
compact, and not conglomeratic so far as observed. The darker color is due 
to the smaller amount of the white material and possibly to a larger amount 
of iron or manganese or both. It has a greenish tinge, which is suggestive 
of glauconite. This bed becomes very ferruginous in its upper part and 
is ♦ ♦ ♦ separated from the bed above by a thin layer of manganiferous 
iron ore. 

The following analyses of specimens of the rock were made in the laboratory 
of the United States Geological Survey. No. 1 was a specimen taken from the 
lower bed ; Nos. 14-18 were specimens from the bed now being worked. 

Analyses of phosphate rock from Arkansas, 



No. 



Where taken. 



Phosphoric 

acid 

(P»0») 



Equivalent 
in calcium 
phosphate 
(Ca,(#04)«). 



4 inches from top of bed 

Middle of bed 

8 inches from bottom of bed 

<'Black phosphate" 

Composite sample 

From lower bed 



Percent. 
2S.86 
27,24 
27,40 
32. 6Q 
29.18 
18.46 



Per cent. 
50.45 
59.46 
50.81 
71.06 
63.70 
29.38 



The Cason shale rests upon the Fernvale limestone everywhere in 
the Batesville district except at the Ball mine, where it apparently 



«• Purdue, A. H., op. clt., pp. 469-470. 
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rests on the Kimmswiek limestone, though both the Kimmswiek and 
tjie Cason at that locality have completely disintegrated to clay. 
The contact between the Fernvale and the Cason is iiregular. This 
fact together with the thinning out of the Fernvale in- the vicinity 
of Hickory Valley indicate that an unconformity separates the Cason 
shale from the underlying rocks. This meaiis that a period of emer- 
gence and erosion preceded the deposition of the materials that now 
constitute the Cason shale. The fossils, according to Ulrich, indi- 
cate that this shale was deposited in shallow marine water. The 
oonclusion that it was deposited in shallow water is supported by the 
conglomeratic character of parts of the formation. 

The Cason is overlain at some places by the St. Clair limestone, 
but the occurrence of fossils of the Brassfield limestone in residual 
clays above the altered Cason shale at the Montgomery mine shows 
that the Brassfield once overlay the Cason shale at that locality. The 
Brassfield, according to the fossils, is older than the St. Clair. This 
fact and the apparent absence of the Brassfield at other localities in 
the region seem to indicate that an unconformity separates the Cason 
from the St. Clair, but the contact between the Cason and St. Clair 
wherever it is revealed is even and does not suggest an unconformity, 
because there is no abrupt change in the character of rocks. The un- 
conformable relations of the Brassfield limestone to underlying rocks 
of the Richmond group in southwest-central Tennessee suggest that 
the Brassfield and the Cason in the Batesville district may also be 
separated by an unconformity, but further work will be required to 
decide this matter. In much of the Batesville district all the Silu- 
rian and Devonian rocks, including the St. Clair limestone, are absent, 
and the Boone chert, of Carboniferous age, rests unconformably upon 
the Cason shale. 

Except for "buttons," which are numerous at a few localities, 
fossils are comparatively rare in the Cason shale. The "buttons" 
are flattened concretion-Uke masses half an inch to 1 inch in their 
longer diameter and from a quarter to half an inch thick and are 
stated by E. O, Ulrich ^^ to be fossils belonging to the genus Oirvor 
nella^ which is a form of algal growth. They were once spherical 
or nearly so and were composed mainly of calcium carbonate and. 
partly of manganese carbonate, but they have been flattened by 
pressure. As they are revealed in the rock outcrops and in the 
residual clays most of them have been replaced by manganese and 
iron oxides. The unaltered " buttons " are greenish gray, the partly 
oxidized " buttons " are red, those of manganese oxides black, and 
those of iron oxide red. Many of them show concentric banding,, 
and many contain centers of chert and earthy material. They lie 
parallel with the bedding of the shale and are more or less uni- 

^ Personal communication. 
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formly disseminated through the shale and its residual clay. Their 
most noteworthy occurrence is at the Cason mine, which has been 
the largest producer of low-grade manganese ore in the district. 
(See PI. X, -4.) There " buttons " composed of manganese oxides are 
so numerous that the residual clay itself has been mined and shipped 
without treatment, and much of the shale has been quarried and 
shipped as ore. The average manganese content of these ores has 
been about 20 per cent. Only a part of the shale at this mine, how- 
ever, contains " buttons " of manganese oxides; the rest of it contains 
^^ buttons" of which the principal constituents are manganese and 
calcium carbonates. This is in fact the only locality in the district 
where the carbonate buttons have been discovered. Analyses of the 
carbonate and the oxide "buttons," also an analysis of shale that 
incloses the buttons at this mine are given on pages 139 and 140. 

The other known occurrences of "buttons" of manganese oxides are 
at the Montgomery, Adler, Johnson Hill, and Ball mines and at the 
Button and O'Flinn prospects. Buttons of iron oxide were observed 
by the writer at two of the Pittman mines, at the mine of the United 
Phosphate & Chemical Co., at the Breeden prospect, and at the W. T. 
Gray mine. 

The Girvanella^ according to Ulrich, are similar to GirvaneUa 
riehmondensis^ a species which is found in beds of the Richmond 
group in Indiana. They and the other fossils, together with the 
relations of the Cason shale to the underlying and overlying rocks^ 
indicate that the Cason is the next to the oldest formation of Rich- 
mond age, the Femvale limestone being the oldest. The Richmond 
group, as previously stated, is placed in the Ordovician system by the 
United States Geological Survey and in the Silurian system by 
Ubich. 

The Cason shale, as shown in the correlation table opposite page 
16, was included in the St Clair Imiestone by Penrose.^* Williams,** 
the first geologist to define the Cason as a separate formation, placed 
it in the Silurian system. The shale is exposed at many mines and 
prospects and descriptions and several sections of it in these ex- 
posures are given in the descriptions of the mines and prospects^ 
beginning on page 103. 

SlLrRIAN SYSTEM. 
BXABSrZELD UXBSTOKE. 

Fossils of the Brassfield limestone occur in the residual clays of 
this limestone at the Montg(miery mine, 6 miles east by north 
of Cushman. These clays overlie the weathered ore-bearing Cason 

« Penrose, R. A. F-. Jr., Manganese — its uses, ores, and deposits : Arkansas Geol. Survey 
Ann. Kept for 1890, vol. 1, 1891. 

» Williams, H. S., On the age of the manganese beds of the BatesvUle region of Arkan- 
sas : Am. Jour. Sd., 8d ser., vol. 48, pp. 325-331, 1894. 
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shale. The fossils, some of which are illustrated in Plate VII, A, 
have been found in the clays and on the picking belt by which the 
manganese-ore concentrates were ccmveyed to the ore bin. They 
have been preserved as casts of the interior walls and have been 
entirely replaced by manganese oxide. According to Ulrich they 
consist of gastropods {Oyclonema daytanense)^ brachiopods (Triple- 
ciaartoni), algal forms (Girvanella) , and cephalapcnis of the genera 
GycloceroB and Orthoceras. The Brassfield limestone at this locality 
has been entirely decomposed, leaving only its residual clay and the 
above-mentioned fossils. 

There may be a few exposures of the undecomposed limestone in 
the Batesville district, but none were discovered by the writer. In 
fact, the only known exposures of the Brassfield limestone in the 
southern Ozark region were discovered by Ulrich ^^ at three locali- 
ties in the Yellville quadrangle, which is west of the Batesville dis- 
trict. There the limestone, specimens of which were examined by 
the present writer, is granular, light gray, and fossiliferous and con- 
tains a small amount of glauconite. Its Hthologic character as shown 
by the specimens is very similar to that of the Brassfield limestone in 
southwest-central Tennessee, where it has been studied by the writer* 

ST. GLAIK LIXESTOKE. 

The St. Clair limestone is exposed in several small areas in the 
Batesville district but is absent over most of it, and as would be 
expected from the irregular distribution of the limestone its thick- 
ness varies considerably from place to place. The greatest thick- 
ness, 100 feet, was measured on the south point of the hill just west 
of the Cason mine. 

The easternmost occurrence of the St. Clair is in the wagon road 
almost 1 mile north of Hickory Valley. The limestone is exposed 
at several places along Miller Creek, from 1 to 2 miles north- 
northeast of Pfeiffer, one of the places being St. Clair Spring, from 
which the limestone receives its name. The measured thickness of the 
exposed beds at that spring is 35 feet, but not sl\ the beds appear 
to be exposed, so that the actual thickness is perhaps 40 feet or more. 
The limestone is well exposed in a small area near the Searcy Cave, 
3 miles north-northwest of Pfeiffer; it is 50 feet thick on the hill 
slope just north of the cave. It ^s exposed in a small area at and 
near the Cason mine, where it attains a thickness of 100 feet; also 
near the Champlain prospect, 2^ miles north of BatesviUe^ where 
it is a few feet thick; and at another locality, about half a mile 
farther east, where it is 12 feet thick. Fifty feet of the liiiieetone 
crops out near Big Spring without the base being revealed. The 

» Ulri^h, !&. O., Bevieion of the Paleoxoic ajfttems : Qeol. Soc. America Biill.^ toL 2% p. 
558. 1911. 
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limestone is generally present in the vicinity of Walls Ferry station, 
Penters Bluff station, Phosphate, Anderson, and Williamson, and it 
was observed at a few places in the vicinity of Guion. The thick- 
ness in this part of the Batesville district is at most places 10 to 15 
feet and nowhere was a thickness of more than 18 feet measured. 

The St. Clair lim^ston^ has a' pinkish light-gray colbr and is coarse 
grained, but at its upper part is bluish gray and fine grained at a 
few places and the lowermost beds are shaly. The bulk of it closely 
resembles the Fernvale limestone, but its lighter color is one of the 
features that distinguishes it from the Fernvale. It consists of 
massive beds which generally protrude through the surficial material 
on the hill slopes. In the western part of the Batesville district 
large blocks of it have broken loose from the parent ledges and are 
now found on the slopes for some distance below them. 

An analysis of a sample of the St. Clair limestone from St. Clair 
Spring is given by Hopkins.^* Although a few feet of the Fern- 
vale limestone, which was included in the St. Clair by him, is ex- 
posed near the spring the boulders and ledges of the St. Clair are 
far more numerous than those of the Fernvale. The sample there- 
fore was probably collected from the St. Clair limestone. Th» 
analysis follows: 

Analysis of 8t, Clair limestone from 8t Clair Spring. 

[R. N. Brackett, analyst.] 

Lime (CaO) 54.70 

Manganese oxide (MnOj) - .26 

Iron oxide (FCgOg) ^ .19 

Silica (SlOg) . .54 

Alumina (Al^Og) _„ . .18 

Magnesia (MgO) 

Potash (KgO) .- .78 

Soda (Na^O) 

Loss on Ignition (OO^, etc.) 43.35 

100.00 

Fossils, which include brachiopods and trilobites, are very nnmer- 
ous at most localities. Pebble-like Oirvanella 1 inch or less in 
diameter, which are found in the lowermost beds, are perhaps 
the most interesting fossils becau^ they contain more or less man- 
ganese. They are more numerous and are better exposed at the 
Cason mine than elsewhere. (See PL VIII, 5, (7.) The unweath- 
ered Oirvanella; are gray jind show concentric structtirie ; they con- 
tain a mixed carbonate, of which calcium, iron, and manganese are 
the bases; and according to the analysis on page 137 they contain 

»* Hopkins, T. C, Marbles and other limestones : Arkansas Geol. Survey Ana. Kept, for 
1890, vol. 4, p. 217, 1893. 
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5.^ per cent of manganese, whereas the unaltered limestone that 
incloses them contains only 1.52 per cent of manganese, which is 
also probably in the form of a carbonate. The (ritvan^IJa that are 
in the weathered parts of the limestone hare been oxidized and 
replaced by manganese and iron oxides (see PL VIII, A), and those 
that are in the shaly beds at the base of the limestone have been 
flattened by pressure like those in the Cason shale. 

The St. Clair limestone is of Xiagaran age and is stated by 
Ulrich,'* who has recently studied its fossils, to be of approximately 
the same age as the Rochester shale of New York or the Laurel 
limestone of Tennessee, Kentucky, and Indiana. 

The St. Clair is younger than the Bnissfield limestone and hence 
overlies it, but as the Brassfield is not known to be exposed any- 
where in the Batesville district the stratigraphic relation of these 
two limestones was not determined. At many places the St Clair 
rests upon the Cason shale; at others it rests upon the Fern vale; 
and at a locality 1 mile north of Hickory Valley it rests upon the 
Kinmiswick limestone. 

The next youngest formation is the Lafferty limestone, of Silurian 
age, of which only one small area of outcrop is known. In ^ne 
other parts of the Batesville district the St. Clair is overlain un- 
conformably by the Penters chert, of Devonian age, and in some 
by the Boone chert, of Carboniferous age. 

The St. Clair, as it was defined by Penrose ^^ and by Hopkins," 
included the Kinmiswick limestone, the Femvale limestone, the 
Cason shale, and the St. Clair limestone as it is now defined. The 
name St. Clair was restricted by Williams ^® to the uppermost of these 
four formations. 

LArrSBTY LZKESTOKS. 

The Lafferty limestone is exposed near the crest of the north point 
of a hill at the Tate Spring, IJ miles north of Penters Bluff station 
and about half a mile west of West Lafferty Creek, from which it 
receives its name. The deep hollows on either side of the aboA^-men- 
tioned point unite to the north, and the wet-weather stream which 
receives their run-off joins' West Lafferty Creek a short distance 
southwest of a small store. 

The limestone, as measured by an aneroid barometer, is 86 feet 
thick. It is even bedded, compact, and earthy and on weathering 
becomes platy. The upper 20 feet is gray ; most of the rest is red, 
but part of it is gray. A few fossils are present. Ledges of this 

^ Oral commualoation. 

»• Penrose, R. A. F., Jr., op. clt.» pp. 124-128. 
« HopklnB, T. C, op. cit., pp. 212-252. 

^ WilUams, H. S., The Paleozoic faunas of northern Ar4Eansa8 : Arkansas Geol. Survey 
Ann. Kept, for 1892, pp. 281 et seq., 1900. 
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limestone abound on the hill slopes, and very little surficial material 
overlies it. 

The Lafferty limestone conformably overlies the St. Clair lime- 
stone and is in turn overlain by the Boone chert, of Carboniferous 
a^. The absence of the LaiFerty limestone in other parts of the 
Batesville district, combined with the fact that the Penters chert and 
Chattanooga shale of Devonian age are absent at this locality, shows 
that the Boone chert rests unconformably upon the Lafferty lime- 
stone. The St. Clair limestone is stated by IJlrich ^® to be approxi- 
mately.of the same age as the Laurel limestone of Indiana, Kentucky, 
and Tennessee. The Laurel in southwest-central Tennessee is suc- 
ceeded by the Waldron clay, the Lego limestone^ the Dixon limestone, 
and other rocks of Silurian age, the oldest being named first and 
the youngest la^. Of these the Dixon is a red earthy limestone. 
The suggestion is made by Ulrich that the Lafferty limestone may be 
equivalent, in part at least, to the Dixon limestone. The few frag- 
mentary fossils that were collected from the Lafferty have been ex- 
amined by him, and he says that their evidence does not josdlitate 
against the correlation that he has proposed. 

The Lafferty limestone was probably not observed by the other 
geologists who have worked in the Batesville district, or if ohseryed 
it was not recognized as being a distinct formation from the typical 
St. Clair limestone. 

DEVONIAN SYSTEM. 
PEMTEKS GEEKT. 

The Penters chert is exposed within two small areas in the southern 
border of the Batesville district. One of these is from 1 to 2 miles 
north of Pfeiffer and the other extends from Penters Bluff station 
southward to a point 2 miles south of Walls Ferry station. Future 
study in the region will doubtless reveal other areas or extensions of 
the present known areas, as an exhaustive study of the formation 
was not attempted during the investigation for this report. 

The formation receives its name from Penters Bluff station, near 
which the best known exposures of the entire formation occur. 
Between that place and Biltmore switch it forms vertical or nearly 
vertical bluffs. The upper part of the formation is excellently ex- 
posed in bluflfe at and near Walls Ferry station. (See PL VI, B.) 
Exposures of chert ledges were observed near Pfeiffer, but the greater 
part of the formation is there concealed by surficial material, which 
consists mainly of chert fragments. 

The formation ranges in thickness from a feather edge to 91 feet, 
the maximum having been found in a drill hole in the NE, J SE. J 

^ Oral communication. 
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sec. 25, T. 14 N., E. 6 W. It was found to be 8Si feet thick in a driU 
hole in the SW. i NW. i sec. 24, T. 14 N., R. 6 W., and 62 feet thick 
in a drill hole in the northeast corner of the NW. J SE. i sec. 26, T. 
14 N., B. 6 W. It is 20 to 25 feet thick in the vicinity of Penters 
Bluff station. 

The Penters chert is composed mainly of massive dense chert that 
breaks with a conchoidal fracture, but it contains a small quantity 
of gray fine-grained limestone at and near the base. The color 
of most of the chert is light to bluish gray, but that of the upper 
part is black wherever it is overlain by the Chattanooga shale. These 
colors are not everywhere restricted to different parts of the chert, 
for in some places parts of it are banded and mottled. On hill slopes 
the chert breaks up into gray angular fragments that are very 
hard. 

A bed of breccia as much as 6 or 7 feet thick occurs at the top 
of the chert in some places. It consists of angular blocks of chert of 
large and small sizes that have been firmly cemented together by 
an earthy material in which there are grains of quartz sand and fine 
paiticles of chert. It is not sharply separated from the bedded chert 
below, for traces of bedding that it shows become more and more 
distinct toward the base. Not only are the massive blocks in the 
breccia tilted at high angles but the unbroken beds of the formation 
themselves are flexed to some extent and are inclined as much 
as 40° from the horizontal at a few localities. The breccia, in fact, 
represents the surficial part of the formation that had become frac- 
tured and more or less weathered on an old land surface which ex- 
isted before the submergence pi'eceding the deposition of the Chatta- 
nooga shale. The flexing is probably due to the settling of the beds 
to fill solution cavities in the underlying St. Clair limestone. That 
the beds were flexed during a land stage following the deposition of 
the siliceous material of which the Penters chert is composed is shown 
by the fact that the overlying formations — the Chattanooga shale of 
Upper Devonian age and the Boone chert of Mississippian age — do 
not partake of the flexing but rest upon the upturned edges of the 
Penters chert. 

No fossils have been discovered in the Penters chert, so that its 
<!orrelation and the determination of its age are based upon its litho- 
logic character and its relations to the underlying and overlying for- 
mations. This chert rests upon the St. Clair limestone, which repre- 
sents a part of the Niagara group, of middle Silurian age. The 
contact between these two formations was nowhere observed, being 
concealed by surficial material ; but the absence of the Lafferty lime- 
stone, which also represents a part of the Niagara group, indicates 
that the Penters chert and St. Clair limestone are separated by an 
unconformity. The Penters chert is unconf ormably overlain by the 
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Boone chert, of Miesissippian age, near Penters Bluff and Walls 
Ferry stations and possibly at places near Pf eiffer, but at some places 
near Pfeiffer it is overlain unconformably by the Chattanooga shale, 
of Upper Devonian age. The existence of an unconformity at the 
top is shown by the fact that the shale rests in a nearly horizontal 
position upon beds that are not only greatly fractured but that are 
more or less contorted. (See PI. VI, B,) 

The Penters chert, being underlain by rocks of middle Silurian 
age and overlain by rocks of Upper Devonian age, could be of upper 
Silurian, Lower Devonian, or Middle Devonian age. Ulrich suggests 
that it is possibly of the same age as the Clear Creek, a cherty lime- 
stone of southeastern Missouri and southern Illinois, and of the same 
age as the Camden chert, of west-central Tennessee. Both the Clear 
Oeek limestone and the Camden chert have been shown by their 
fossils to be equivalent to at least a part of the Oriskany group of 
Lower Devonian age, of the northern Appalachian region.^®® The 
lower part of the Arkansas novaculite (a variety of chert) of west- 
central Arkansas and southeastern Oklahoma has not yielded any 
fossils in Arkansas, but it is correlated with the two formations just 
named. It therefore appears that the Penters chert and the lower 
part of the Arkansas novaculite are of the same age. 

Space can not be spared here for a discussion of the stratigraphic 
relations and lithologic character of the Clear Creek limestone and 
Camden chert and the lower part of the Arkansas novaculite ; but so 
far as known none of their features militate against the correlation 
of the Penters chert with these formations. 

The chert to which the name Penters is herein applied was ob- 
served by Penrose 3^ and was described by him as a part of the Boone 
chert. 

CHATTANOOaA SHALE. 

A few exposures of the Chattanooga shale have been observed 
near the village of Pfeiffer; in other parts of the Batesville district 
it is absent or is not exposed. It is exposed on the Simpson White 
place in the SW. i NW. i sec. 24, T. 14 N., E. 6 W., li miles north of 

«»« Since tlie above statements were written, two reports — one bj C. O. Dunbar and 
another by T. E. Savage — discussing the age of the Clear Creek and Caradiefn formations 
have been published. Dunbar (Stratigraphy and correlation of the -Devonian of western 
Tennessee: Tennessee Geol. Survey Bull. 21, 1919) concludes that the Camden chert at 
the type locality, Camden, Tenn., is of Onondaga age and not of Oriskany age. Pnrther- 
more, he has identified and named certain. formations that had previou^fly been included in 
the Camden chert. The oldest of these formations (named by him the Decaturville chert) 
he regards as of Helderberg age; the next (hift Quail limestone) as of Oriska-ny age; and 
the youngest .(his Hai;rlman chert) as of Orif^any age. Savage (Tlje Devonian formations 
of Illinois: Am. Jour. Sci., 4th ser., vol. 49, pp. 169-182, 1920) agrees witli Dunbar's 
determination of the age of the typical Camden chert and therefore- says< (p. 175), "The 
Clear Creek ehert is now referred to the basal portion of tiie Ulster^an (Onondaga) perles.'" 

»o Penrose, R. A. F., jr., op. cit., pp. 131-133. ' ' 
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Pfeiffer, on the E. A. Silberstein tract 2 miles ^orth-northwest of 
Pf eiffer and at one other near-by locality. The best exposures are 
on the Simpson White place. At these localities only parts of the 
shale are exposed, so that the entire thickness could not be measured. 
The shale was^ however, found in a drill hole in the northeast comer 
of the NW. i SE. i sec. 26, T. 14 N., R. 6 W., half a mile west of 
Pfeiffer, where it is 38 feet thick, and it was found in a drill hole in 
the NE. J SE. i sec. 25, T. 14 N., R. 6 W.", half a mUe east of Pfeiffer^ 
where it is 22 feet thick. Records of these drill holes are given on 
page 44. The shale, as shown by the records of the drill holes and 
as revealed at the surface at the above localities, is underlain by the 
Penters chert and overlain by the Boone chert 

An occurrence of the shale was observed in the N. ^ sec. 28, T. 
14 N,, R. 6 W. There 3 feet of the top of the shale is exposed and 
although the lower part is not exposed, it apparently rests upon the 
Fernvale limestone. Penrose*^ reports an occurrence of the shale 
in an old prospect pit in the north part of sec. 33, T. 14 N., R. 6 W: 
Slabs of the weathered laminated shale were found in a recent drill 
hole in the NW. J SW. i sec. 34, T. 14 N., R. 6 W. A record of this 
drill hole is given on page 43. Pwirose^^ also says the shale "wte 
opened for a depth of 20 feet without reaching the bottom " in the 
NW. i sec. 16, T. 14 N., R. 6 W. 

The shale is black; it contains a small quantity of pyrite; it is 
platy, splitting into large thin slabs of uniform thickness; and the 
freshly broken parts give off the odor of petroleum. The black 
color has caused some people to think that the shale contains coal, 
but prospecting has failed to discover any. Lenses and irregular 
masses of sandstone, which are described on pages 88-39, occur at the 
base of the Boone chert at several localities. They may represent 
the Sylamore sandstone, which is the basal member of the Chatta- 
nooga shale farther west in Arkansas; but as they are small and 
widely scattered and are not overlain at any place by black shale^ 
they are regarded by the writer as representing an initial deposit of 
the Carboniferous period. 

A few fossils that have been procured by the writer from the shale 
have been determined by Ulrich as belonging to the species SeMzo- 
hcHus trwncatus. This shell was originally found in the Genesee 
shale of New York. It is now known from many places between that 
State and Arkansas, and according to Ulrich all its known occur- 
rences are of the same age. The Genesee shale, hence presumably 
also the shale to which the name Chattanooga is here applied, Tdc- 
longs in the lower part of the Upper Devonian. Ulrich maintains 
that the shale under discussion is older than the typical Chattanooga 

» * ■ * ■■ ■ * I I. > ■ ■ 1 ■ ■ >■ H ■ ■ t .■■« n « II I m „ .p ■ ■ >. ^ 

« Penorse, B. A. F., jr., pp. clt., p. 133, . . 

» Idem, pp. 182-1^3. 
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shale, which he places in the Carboniferous system, and is older 
than the Chattanooga at other places in Arkansas, which he also 
places in the Carboniferous system. 

The Chattanooga shale rests upon the Penters chert at most locali- 
ties and is separated from it by an unconformity, th^ evidence for 
whi<3h was discussed in the description of the Penters chert. The 
shale is orerlain by the Boone chert and is separated from it by a 
stratigraphic break or unconformity, which is indicated by the ab- 
sence of the Cliattanooga shale over most of the Batesville district. 

As has been mentioned above, Penrose observed the shale, but 
he described it as a part of the Boone chert. 

CARBONIFEROUS SYSTEM. 
BOONE GHEKT. 

The Boone chert, as the name implies, consists predominantly of 
chert, but it contains also limestone, sandstone, and shale. It is the 
surface rock over a larger area in the Batesville district than any 
other formation, and owing to its wide distribution and its resistance 
to weathering this rock and the debris derived from it are found at 
most localities. 

The largest area of outcrop is an irregular westward-trending belt 
7 miles or less in width, on or near whose north border Hickory 
Valley, Cushman, Anderson, and Guion are situated, and on or near 
whose south border Pfeiffer, Batesville, and Oneal are situated. All 
parts of jthis belt are trenched by numerous deep narrow valleys, and 
many of the intervening hills or ridges reach a common elevation, 
which decreases toward the south — ^the direction in which the Boone 
chert gently dips. This belt is therefore a dissected southward- 
sloping plateau. The culminating points on its north border are 700 
to 900 feet above sea level, whereas those on the south border are gen- 
erally 600 to 600 feet above sea level. Although the Boone chert is 
the surface formation over most of this belt, many valleys have been 
cut deep enough to reveal some of the underlying rocks, and at 
Childress Mountain younger rocks averlie the Boone. North of this 
belt the Boone chert hafi been almost completely eroded, but a few 
hills are capped by it. Many hills in the vicinity of Cave City, 
Sandtown, and Mount Pleasant are capped by its loose fragments 
and by its fractured layers that settled as the underlying limestones 
were removed by solution. 

The thickness of the Boone is not known, but it is at least 300 feet 
and may be as much as 400 feet. 

The relative proportions of chert and limestone vary both verti- 
cally and horizontally, but most of the limestone that is free from 
chert is found near the middle of the formation. The limestone is 
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gray, compact, and very pure and ranges from fine to coarse grained. 
Most of the beds are massive and range in thickness from 1 to sev- 
eral feet. An even-bedded, fine-grained, light-gray limestone in b^ds 
2 feet 10 inches to 6 feet thick is being quarried and dressed at 
Pfeiffer for use as a high-grade building stone. (See PI. IX, A.) 
The thickness of the limestone suitable for this purpose there is 40 
feet. A similar though cross-bedded limestone has been quarried for 
building stone 2 miles north-northeast of Batesville, but the presence 
of chert nodules in parts of it caused the quarry to be abandoned. , A 
gray crinoidal limestone has been quarried at Denieville and burned 
into lime, but the presence of many layers and lenses of chert in the 
limestone proved to be harmful and perhaps caused the quarry to Tbe 
abandoned. A drill is said to have passed through 135 feet of lime- 
stone in the middle of the north part of sec. 9, T. 13 N., R. 7 W., with- 
out reaching the bottom of the bed.'® This is the greatest reported 
thickness of limestone in the Batesville district. 

A few feet of brown crinoidal limestone is exposed in a manga- 
nese-ore prospect on the C. L. Sanders farm, in sec. 27, T. 15 N., R. 
8 W., half a mile west of Anderson. This limestone is at the base 
of the Boone and overlies what appears to be the Cason shale, of 
Ordovician age. The writer beliefs it is the St. Joe limestone, 
which is a widespread, prominent member of the Boone chert farther 
west in Arkansas, in northeastern Oklahoma, and in southwestern 
Missouri. Several feet of a similar limestone was observed on the 
Alex Fults place, in the NW. J sec. 33, T. 15 N., R. 9 W., about If 
miles south of Guion, and this is also believed to be an occurrence 
of the St. Joe limestone member of the Boone. At other places in 
the Batesville district the basal beds of the Boone include sandstone, 
shale, and earthy gray crinoidal limestone, but at most localities the 
basal beds are chert or cherty gray limestone. None of these beds 
are similar lithologically to the St. Joe limestone, although they may 
be of the same age. 

Chert occurs in all parts of the formation and is the principal rock 
in the upper and lower parts. The vertical transition from beds of 
limestone to beds composed wholly or mainly of chert is everywhere 
gradual — ^by increase of the one and decrease of the other. In some 
layers of limestone the chert occurs in widely separated nodules ; in 
others some of the nodules are united ; in still others the chert is a 
sheet or lens in the middle of the layers. At many places it forms 
successive layers without limestone. The chert where unaffected by 
weathering is dense, hard, compact, and brittle, has a more or less 
perfect conchoidal fracture, and is white or light gray, but at 

" Hopkins, T. C, Marbles and other limestones : Arkansas Geol. Survey Ann. Kept, for 
1890, vol. 4, p. 105, 1893. 

104569—22 4 
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some places it is blue, green, or black and has the waxy luster of 
chalcedony. 

When the formation weathers the limestone is carried away in 
solution, leaving only its residual clay, whereas the chert becomes 
more or less porous and much fractured and forms a stony surficial 
material over most of the Batesville district, even in areas whero 
limestones older than the Boone are exposed. A few caves and many 
subsurface channels have been formed not only in the limestone of 
the Boone but also in the underlying limestones, and the chert has 
settled into them. In places one and in others as many as three 
limestone formations have been entirely removed except for their 
clays, and these clays are still overlain by the Boone chert that has 
settled far below its original position. This settling of the chert, 
which is well displayed at some of the manganese mines and at the 
limestone quarry 2 miles north-northeast of Batesville, has been grad- 
ual, so that the layers have been bent and fractured and dip at high 
or low angles in all directions. The maximum extent of settling is 
at least 250 feet and at places may exceed 300 feet. 

Girty'* states that black calcareous shale and shaly limestone, 
aggregating a thickness of 30 feet, occur in the upper part of the 
formation, near Kuddells Milton Spring Creek, 2^ miles west of 
Batesville. 

Lenses and irregular masses of white, gray, yellow, and brown 
sandstone, composed of well-rounded translucent quartz grains, oc- 
cur at the base of the Boone chert at several localities. There is a 
possibility that this sandstone is the Sylamore sandstone member of 
the Chattanooga shale, of Devonian age, but its small and widel}'^ 
separated areas of distribution lead the writer to believe that it was 
an initial deposit of the Carboniferous period, during which the 
materials that later formed the Boone chert were laid down. Ul- 
rich^" accords in this interpretation of the origin and age of the 
sandstone. 

The observed occurrences of this sandstone are as follows : There 
are two masses of white to brown sandstone on the west side of 
Polk Bayou, IJ miles south of Blowing Cave. As they are isolated 
they were probably formed by the sand washing into solution pockets 
in the underlying Fernvale limestone. A few feet of thin-bedded 
brown sandstone that contains small chert pebbles underlies the 
Boone chert on the hill slope one-fourth of a mile south of Big 
Spring. A mass of gray sandstone 40 feet long east and west and 
25 to 30 feet thick is exposed on the north slope of a hill, about 
one-eighth of a mile east of Penters Bluff station. The sand that 

»* Glrty, G. H., Fauna of the ao-colled Boone chert near Batesville, Arkansas : U. S, Geol. 
Survey Bull. 596, p. 9, 1915. 
» Oral communication. 
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BULLETIN 734 PLATE VII 




A. FOSSILS REPLACED BY MANGANESE OXIDE; FROM THE MONTGOMERY 

MINE. 

1-3, Triplecia ortoni; 4, 5, Cycloceras sp.; 6, Cyclonema daytonense. Four-fifths natural 
size. Species determined by E. O. Ulrich. Photograph by R. S. Bassler. 




B. PEBBLES OF MANGANESE ORE FROM A GRAVEL BED IN A SMALL 
STREAM n MILES EAST OF CUSHMAN. 

One-half natural size 
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BULLETIN 734 PLATE VIII 







FOSSILS FROM THE CASON MINE. 

A. Girvanellas (replaced by iron and manganese oxides) on the weathered surface of St. 

Clair limestone. Natural size. 
B and C. Girvanellas in fragments of limestone from the lowermost beds of St. Clair 

limestone. Natural size. 
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BULLETIN 734 PLATE IX 




fcilA. LIMESTONE IN BOONE CHERT AT THE QUARRY OF THE PFEIFFER STONE CO. 

AT PFEIFFER. 




B. LARGE IRREGULAR MASSES OF MANGANESE ORE IN RESIDUAL CLAY NEAR 
THE SURFACE AT THE OZARK MINE. 

The hammer held by the man is resting on one of the masses. Photograph by W. R. Crane. 
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BULLETIN 731 PLATE X 




POLISHED SPECIMENS OF MANGANESE ORE FROM THE BATESVILLE DISTRICT. 

A. Fragment of red shale from the Cason shale at the Cason mine, showing buttons of girvanellas 
that have been replaced by manganese oxide (light gra>). 

B. Porous manganese ore with buttons of girvanellas from the Montgomery mine. 

C. Slab of manganese ore from the Wildcat prospect showing an intimate mixture of hausmannite 
and psilomelane in a roughly zonal arrangendent and a radiating mass of white barite at the 
center. The light steel-gray mineral and the black mineral immediately adjacent to the 
barite are psilomelane; the rest of the black mineral is hausmannite. 

D. Manganese-bearing carbonate from Fernvale limestone at the Harvey mine, showing its 
partial replacement by black manganese oxide. 

All specimens are natural size. 
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BULLETIN 731 PLATE XI 




A. TOP VIEW. 
Two-thirds natural size. 




B, EDGEWISE VIEW. 
Two-thirds natural size. 

Buttons (Girvanellas) of Manganese Oxide from the Montgomery Mine. 
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makes up the mass was apparently deposited in a solution cavity in 
the St. Clair limestone. Not only was sand deposited in the cavity, 
but small fragments and large blocks of the Penters chert were 
washed or fell into it and were more or less mixed with the sand. 
The top of the sandstone mass occurs at the same height on the hill 
slope as the contact between the Penters and Boone cherts. A 
lens of sandstone a few feet thick and 100 feet or more long lies 
between the Boone and Penters cherts in the bluff one-fourth of a 
mile south of Penters Bluff station. The sand grains at this locality 
are hot confined to the lens but extend downward into the Penters 
chert, in vhich they are distributed along joints and bedding planes. 

Two feet or less of red and gr^nish-gray calcareous shale occurs 
at the base of the Boone in places along Cave Creek, lliis shale, as 
it is revealed in most exposures, has weathered to. a yellow shaly clay. 
A specimen of ConvHaria was found in this shale at the W. A. Chinn 
cut near Cave Creek. 

Fossils are scarce in the Boone chert in the Batesville district, in 
marked contrast to their abundance farther west in Arkansas, but 
the few that have been found show that it belongs to the Mississippian 
series of the Carboniferous system. One small collection was ob- 
tained from a limestone bed in the lower part of the formation, about 
1 mile southeast of Big Spring. These specimens have been studied 
by Girty, who says that the fauna represented by them may be re- 
lated to the typical f aimas of the Boone chert but that it appears to 
fall in better with the fauna of the Bidgetop shale and that of the 
lower part of the Fort Payne chert in the southeast corner of th^ 
Waynesboro quadrangle of southwest-central Tennessee. The fol- 
lowing species in the collection have been tentatively identified by 
Girty : ProdvMus setiger?^ Spirifer mbequalia^ Spirifer arkansa/nuSj 
Psevdosyrmx aff. P. keokuk^ and Reticvlaria pseudolineatcu 

Girty ,^^ who describes the lithologic character and fauna of a chert 
member 200 to 250 feet thick at the top of the Boone, thinks that the 
chert member is younger than the typical Boone chert of Boone 
County, Ark., and that it deserves to be regarded as a distinct forma- 
tion in the Batesville region. The above-mentioned collection of fos- 
sils is the only evidence at hand concerning the age and correlation 
of the part of the Boone below the chert member. The relations 
of the chert member to the underlying beds were not determined by 
Girty, and no opportunity to study it was afforded the present 
writer during the investigation of the manganese deposits. The 
writer therefore believes that this chert member should be included 
in the Boone chert until further field evidence is obtained to support 
Girty's suggestion that it be regarded as a distinct formation. 

"Op. dt., pp. 5-23. 
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The Boone chert rests upon the following formations at different 
places and is separated from them by an angular unconformity: 
Kimmswick limestone, Fernvale limestone, Cason shale, St. Clair 
limestone, Lafferty limestone, Penters chert, and Chattanooga shale. 
The unconformity between the Boone and Penters cherts is very 
conspicuous in the bluffs along the left bank of White River from 
Penters Bluff station to a locality about 2 miles south of Walls t^erry 
station. (See PI, VI, B,) The Boone chert is overlain by the 
Moorefield shale which, like the Boone, is of Mississippian age. 

M00BE7I£XJ> 8HAZ.S. 

The Moorofield shale is exposed over large areas lying east and 
west of Batesville. As these areas are south of the manganese region 
the Moorefield is only briefly described here. The thickness of the 
formation is not definitely known, but it apparently ranges from 
100 feet or less to more than 250 feet. The formation consists of 
black and greenish shale, a few limestone concretions, and a lime- 
stone phase several feet thick at the base, which has been called 
" Spring Creek limestone." The fauna of this limestone and of the 
overlying shale has been described by Girty in Bulletin 439 of the 
United States Geological Survey. 

BATESVILLE SANDSTONE AND YOTTNOEB BO0X8 OF OABBONIFESOTrS A^B. 

The Batesville sandstone is exposed over ratlier large areas at 
Batesville and in areas east and west of that place, but as all these 
areas are south of the manganese-bearing district, only a brief 
description of the sandstone is here given. The present writer ob- 
served the sandstone at only a few places, and for this reason he 
quotes the following description of it from Penrose :®^ 

" Overlying the EayettevUle [Moorefield] shale, Is a sandstone formation with 
lenticular beds of gray, black, or brown shale. This formation lies on both sides 
of the White River, reaching to the area of the Fayetteville [Moorefield] shale 
and the chert hills on the north, and, on the south, disappearing under the over- 
lying rocks at the foot of the Boston Mountains. It is weU developed at the 
town of Batesville and has been named, by the State geologist, the Batesville 
sandstone. It consists of a brown or buff colored, fine-grained sandstone, gen- 
erally soft though sometimes hard. It spUts easily along the lines of bedding, 
In slabs varying from a few inches to 3 or 4 feet in thickness, and is extensively 
worked for structural purposes * * ♦ in Batesville. The shales in the 
sandstone occur as lenticular deposits, often ending very abruptly, though 
sotmetimes traceable for several miles. They and the sandstones appear, in 
many places, to be mutually replaceable. The thickness of the Batesville 
sandstone is very changeable, varying from 20 or 30 feet ta almost 200 feet. 
One mile east of the town of BatesviUe, on the bluffs of Blue Oeek, It i^owb 
a thickness of 170 feet, acnd^ as it is Still at the foot of the bluffs, it is prob- 
ably thicker." 

** Penrose, R. A. F., jr., Manganese — Its ores, uses, and deposits : Arkansas Oeol. Survey 
Ann. Bept for 1890, vol. 1, p. 139. 1891. 
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The fauna of the Batesville sandstone has been described in detail 
by Girty in Bulletin 593 of the United States Geological Survey. 

The Fayetteville shale and Pitkin limestone, of Mississippian age, 
and rocks of Pennsylvanian age are widely exposed in and near the 
Boston Mountains, south of White Eiver, but none of them are pres- 
ent in the manganese-bearing district. 

UPPER CRETACEOUS OR TERTIARY GRAVELS. 

Worn pebbles of chert occur on or near the crests of the highest as 
well as some of the lower hills near Cushman and Mount Pleasant 
and east of these villages. At some places they form a surficial 
gravel bed a few feet thick, at others they occur in pockets several 
feet thick in the residual clays of limestones, and at others they are 
disseminated through pockets of yellow and red sand in residual 
clays. The pebbles are 6 inches or less in their longest dimension and 
are fairly or well rounded. They rest upon all the rock formations 
from the St. Peter sandstone to the Boone chert, inclusive, although 
most of them have obviously been derived from the Boone chert. 
The occurrence of the pebbles on and near the tops of the hills over 
the east two-thirds of the Batesville district indicates that the present 
patches of gravel are only the remnants of a widespread gravel bed 
that formerly covered much of the Batesville district and that has 
since been almost entirely eroded. Furthermore, the occurrence of 
some pockets of gravel and sand in the residual clays of limestones 
indicates that they were deposited in solution channels in the un- 
altered limestones. The gravels were deposited upon a nearly level 
surface, whose altitude is probably attained by some of the highest 
hills on which the gravels are found, but many if not most of the 
remnants of the gravel bed have settled by gravity or have been 
carried by streams below the original position of the bed. The 
settling took place as the underlying limestones were decomposed by 
the removal of the calcium carbonate in solution while the present 
valleys of the region were being carved. The evidence at hand in- 
dicates that some of the lowest remnants, although they are now on 
the crests of hills, are 200 to 300 feet below the supposed elevation 
of the original gravel bed. 

The age of the gravels is by no means definitely known, and a 
study of them over a much larger area than the Batesville district 
will be necessary before any satisfactory conclusion can be reached. 

Extensive deposits of gravels are described by Stephenson and 
Crider^® as occurring at and near Grandglaise and Newark, Ark. 
Some of those gravels are of Upper Cretaceous age, but most of them 
are believed by Stephenson and Crider *• to be of late Pliocene age. 

•« Stephenson, L. W., and Crider, A. P., Geology and ^ound waters of northeastern 
Arkansas ; U. S. GeoL Survey Water-Supply Paper 399, pp. 37-39, 9^97, 1916. 
«>Idem, pp. 97-100. 



Digitized by VjOOQIC 



42 



MANGANESE ORE IN THE BATESVILLE DISTRICT, ARK. 



The 3'ounger gravels have not had sufficient study to determine their 
age with certainty, but they are probably not younger than Tertiary. 
The gravels in the Bates\ille district are without doubt i-emnants of 
one of the gravel beds farther east, and their age, so far as it can now 
be determined, may be either Upper Cretaceous or Tertiary. 



QUATERNARY STSTEM, 



TEBBAOE DEPOSITS AVD ALZVYIVU, 



A few small patches of terrace deposits, which consist partly of 
rounded chert pebbles and partly of surficial loam, occur along the 
large and small streams in the area here described and lie from 50 to 
100 feet or more above the streams. 

The larger and most of the smaller streams flow in flat-bottomed 
valleys and are bordered by flood plains, the widest of which are 
those of White Kiver. Although gravels and cobbles make up a 
large part of the valley filling, the surface is usually covered with 
rich loam and sand, and most of it makes good farm land. Mo^t of 
the gravels and cobbles were derived from chert fragments, but 
some of them from sandstone. Alluvial cones, composed largely of 
angular chert fragments, are present at the mouths of many small 
hollows in the areas where the Boone chert is the surface rock. The 
flood plains of Polk Bayou and West and East'Lafferty creeks are 
generally underlain by sand that has been derived from the St. Peter 
sandstone, and for this reason travel on the roads along these streams 
is generally difficult. 

WELL RECORDS. 

The well records given below describe in detail the rocks passed 
through by the drills. The first seven are records of holes that were 
drilled in 1918 by the United States Steel Corporation through its 
subsidiary companies, the Tennessee Coal, Iron & Railroad Co. and 
the Oliver Iron Mining Co. The records were compiled by the 
writer during his examination of the drill cores. 

Becoi'd of drill hole No. 1 in the NW. i 8W. i sec. 3^, T. U N., R. 6 W.^ 
[Elevation of top of drill hole 600 feet above sea level.] 



Age and fonnation. 




Thick- 

XWSS. 


Depth. 






Chert fragments derived from the Boone chert 


Feet, 
28 


Feet. 
28 




Boone chert. 


Gray chert 


13 

7 
2 

I 


41 


Carboniferous. 


Gray chert and cherty fine-grained gray limestone 

Chertv fine-grained gray limestone; contains some 

Fine-grained gray limestone: contains angular chert 
fragments and thin layers of greenish glauoonite-Uke 


48 
50 

51 



a For exact location, see fig. 10. 
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Record of drill hole iVo. 1 in the NW, i SW. J sec. 5^, T. U N„ R. 6 W— Contd. 



Age and formation. 




Thick- 
ness. 


Depth. 


Silurian. ^ 


St. Clair Ume- 
stone. 


Fine-grained gray limestone; some pink crystals are 

scattered through it. 
Coarse-grained pinkish-gray limestone 


Feet. 
8 

47 


Feet. 
59 

106 










Femvale lime- 
stone. 


Pinkish-gray coarse-grained limestone; pinkish color 
is darker than that of the overlying beds of the St. 
Clair. 

Gray f ne-grained limestone with a slightly pinkish 
cast. 

Coftrse-grp-lnftfl pink Ijniestonfl- ... 


55 

5 

9 
9 


161 

IM 
175 


Ordovician. 


Coarse-grained pmk limestone: contains thin layers of 
compact bluish-gray limestone. 


184 




Kmimswick 
limestone. 


Finfl-grftinAfl li^ht-gray limA^tmie . , 


23 
3 

5 
11 


207 


• 


Coarse-grained limestone that is darker gray than the 

0" erlying beds. 

Fine-grained and coarse-grained gray limestone 

Fine-grained and coarse-grained gray limestone with 

a pinkish cast 


210 

215 
226 



Record of drill hole No. 2 in the NW, i 8W, i see, 34, T, U N., R. 6 W.» 
(Etevation of top of drill hole about 500 feet above sea level.] 



Thick- 



Depth. 



Chert fragments and gray clay 

Laminated gray clay and chert fragments; one grain of sphalerite one-eighth of an inch in 
diameter was observed in the^lay. Laminations in tne clay show that it dips at high 
angles 

Chert fragments in gray siliceous clay , 

Gray and brown laminated clajrs; contains some pyrite 

iSandy clay 

Chert fragments in gray clay 

Chert fragments in gray laminated clay; contains small crystals of pyrite 

Laminated, fine-grained gray siliceous earthy rock that appears to he weathered shale. 

The inclination of the laminae in the drill cores shows that some of them dip as much 

as 45* 

The same rock as the above except that it is lighter gray and contains pyrite , 

Yellowish dark gray coarse-grained limestone (Pernvale) ; contains pyrite , 

Greenish-gray granular limestone (Femvale); contains pjrrite; inclined laminae or bed- 
ding planes suggest that these and the overlying beds of limestone are not in place 

Limestone like that above and sandy gray clay , 

Laminated sandy eray clay 

Coarse-grained darlb^gray limestone (Femvale) , 

Laminated sandy gray clay; the inclination of the laminae shows that some of them dip as 
much as 60^. Fossils in the clay indicate that it is a weathered phase of the Chattanooga 
shale of Devonian age 

Laminated sandy gray clay; some of the laminae dip as much as 40** ; pyrite, green chloritio 
material, and drusy quartz are present 

Dark-gray coarse-gramed limestone (Fernvale); contains pyrite and layers of gray clay. . 



62 


Feet. 
62 


20 
23 
10 
11 
7 
9 


82 
105 
115 
126 
133 
142 


18 
12 
10 


160 

172 
182 


17 
12 
10 
10 


199 
211 
221 
231 


15 


246 


15 
11 


261 
272 



« For exact location see fig. 10. 

The materiak penetrated by this drill hole consisted mainly of clay, 
which was washed out of the hole by water during the drilling. The 
firmer materials described above were obtained as a core and repre- 
sent only a small part of those that were penetrated. Their charac- 
ter and relations suggest that probably none of them are in place. 
They have apparently settled into an old solution channel in the 
Femvale limestone. (See fig. 11.) The chert fragments were de- 
rived from the Boone chert, and some of the laminated clay was de- 
rived from the Chattanooga shale. 
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Record of driU hole in the 8E, i 8W. i see. 28, T. U N,, R, 6 W. 



Age and formation. 




Thick- 
ness. 


Depth. 




Surfldal chert fragments derived from the Boone chert. 


Feet, 
120 


Feet. 
TM20 




Boone chert. 


Gray chert 


83 

1 


153 


Carboniferoiu. 


Pbospb^ti« liinps^ton^ . 


154 










Femvalelime- 
stone. 


Gray coarse-grained limestone 


4 
22 
21 


15S 


Ordovldan. 


Rusty gray coarse-grained limestone 


180 




Lif^t to dark gray^boarse-grained limestone 


ao& 








Record of driU hole in the NE. i 8E. i •eo. 25, T. H N., R. € W, 


Age and f onnation. 




Thick- 
ness. 


Depth. 




Chert debris 


Feet. 
10 


Feet. 












Boone chert. 


Gray hard chert 


10 

40 

2 

1 


20 




Gray hard chert, calcareous in parts 


00 


Carboniferons. 


"Pliie-grfti»ied gray Hmflstone. .......... 


71 




Gray calcareous fossiliferous shale 


72 










Chattanooga 
shale. 


Platy black fossiliferoos shale 


22 


04 










Penters chert. 


Gray and bluish flint, but it is dark at top and parts 
of it show banding and mottling. 


01 


185 




CasonshaleC?) 


Platy grayish-black shale 


22 

1 


207 


Ordovldan (7). 


Dark-colored fossUiferons phosphate rock; contains 
some pyrite. • 


208 


Ordovician. 


Kimmswick 
limestone. 


Light-gray fine-grained limestone; contains a small 
quantity of chert near its top. 


20 


228 


Record of drill hole at the northeast comer of the NW. i BE, i sec. 2€, 

T. U N,, R. 6 W. 


Age and fonnatlon. 




Thick- 
ness. 


Depth. 






Chert debris, derived f^om weathering of underlying 
Boone chert. 


Feet, 

38 


Feet, 
3» 




Boone chert. 


Chalkychert; calcareous in parts 


52 
13 
22 


90 


Carboniferous. 


Blue flint 


103 




Gray finei;rained limestone; cherty in parts 


125 










Chattanooga 
shale. 


Black shale 


38 


163 


Devonian. 






Penters chert. 


Gray ohert and flint beooming dark-colorod In upper 
part. 


62 


225 


Ordovician. 


Fernvalelime- 

stone. 


Dark-gray coarse-grained limestone: parts of it are 
rusly . A sample of the rusty limestone was found 
by Chase Palmer, of the U. S. Geological Survey, to 
contain 5.82 percent of manganese. 


21 


246 
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Record of drUl hole in the 8W. i NW, i 9ec, 24, T, U N„ R. 6 W. 



Age and formatlan. 




Thick- 
ness. 


Depth. 




Surflcial material 




Feet, 




Chattanooga 
shale. 


FoasUlferoitt black shale.. ..•, 


5 


Si 


Devonian. 


Penters chert. 


Gray and bluisb^ilack dens^ very hard flint. There 

are a few thlnlavers of gray limestone. 
Gray chert and flint 


484 

33 
7 


90 




Gray fine^ained impure limestone with some pyrite 
and black ^osphate rock. 


«7 




Ca8anshale(7) 


Gray and red shale. 


6 


102 








Ordo^clan. 


Femvalelime- 
stone. 


Gray foBsittferons granular limestone; rusty in most 
parts. A sample of rusty limestone which was 
analyied by Chase Palmer, of the U. 8. Geological 
Survey, was found to contain 1.48 per cent of man- 
ganese. 


33 


135 



Record of driU hole in the NW. i NE, i 9ec, i, T. 13 N,, R, 6 W. 



Age and formation. 




Thick- 
ness. 


Depth. 




Surflcial chert fragments derlTed from Boone chert . . . 


Feet. 
98 


Feet, 
98 




Kimmswick 
limestone. 


Medium-grained light-gray limestone 


15 


113 










Flattin lime- 
stone. 




35 


148 









Record of the tceU at the Southern mAniefi 
[Blevation of top of well, 646 feet above sea level.] 



Thick- 



Depth* 



Detritus [fragments of chert and limestone burled in residual day] 

Izard limestone [Joachim and Plattln limestones] 

Sandy limestone [Joachim Ihnestone] ; 

Saccharoidalsandstone [St. Peter sandstone] 

Interbedded gray limestones and sandstones, with calcareous sandstones 

Massive gray and brown limestone with disseminated grains of sand 

Massive gray limestone with dlssemhiated grains of sandX82{eet) nmning into a chocolate- 

brown limestone with similarly disseminated grains of sand (15 feet) 

SUghtly cateareous gray sandstone 

Highly calcareous gray sandstone 

Massive chocolate-orown and gray Umestone 

Massive gray limestone 

Massive gray limestone, harder than the last ; 

Slightly sandy gray limestone (4 feet) passing at Its base into a white sandstone (51 fset). , 

Sandy dark-gray umestone 

Fhie-fprained calcareous gray sandstone, beooming coarser at the base 

Massive grav limestone with disseminated grains of sand : 

Fine-gramea white sandstone 

Sandy gray limestone running into fine-gralsied white s&ndstone 

Massive chocolate-brown limestone. , 

Massive gray limestone with dlssemincrted fine grafos of sandl :. 

Massive gray limestone with disseminated coarse grains of sand 

Massive grav limestone. : 

Fine-grainea white sandstone ^ 

Massive in^v Umestone with disseminated grains of sahd : 

Fine-gramed calcareous gray sandstone 

Fine-grained calcareous White.saiidstoiie :. :..^ 

Shaly gray limestone with thin strata of green shale, passing at its base into a shaly calca- 

. reods sandstone (2 feet) : '. j 

Veiy fine grained calcareous gray sandstone with thin strata of black shale 

(Sreamy-graylimeMOne' to the base bf boring... » ;.:...: ' 

t-^t r-: : — ' r-^ — ; » : ■ ■ ■ . ' . • ; — -— - — : ^-~, — — r*: — -*-. *-^ 

a Penrose, B. A. F., jr., op. clt., p. 118. 



Fea, 


Ful. 


50 


50 


240 


290 


' 10 


300 


125 


426 


46 


470 


38 


508 


97 


606 


9 


614 


82 


606 


. 19 


716 


• 70 


786 


115 


900 


55 


955 


45 


1,000 


130 


1,130 


25 


i;i66 


25 


1,180 


. 20 


1,200 


76 


1,275 


75 


1,850 


30 
80 


i;S8 


20 


1,430 


46 


1,475 


55 


];gS 


140i 


«2 


1,722 


203 


1,926 


116 


3,040 
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STKUCTtntE. 
GENERAL FEATURES. « 

The strata in the Batesville district, which must have Ij 
posited in a nearly horizontal position, have undergone li 
formation. The general doming of the beds in the Ozark 
has given those of this area a slight dip to the south, which^ 
guised at several places by minor folds and a few normal *; 
Most of the minor anticlinal flexures form small irregular 
and the synclinal flexures form irregular basins, but they 
ferred to simply as anticlines and synclines in this report. 

The folding and faulting in this district affect all the I 
including those of Mississippian age, and therefore took plac^- 
in the Mississippian epoch or at a later date. Not only wjj 
faulting probably contemporaneous with the folding, but the ' 
ing and folding were probably contemporaneous with like move^ 
that took place near the close of the Carboniferous period in 
parts of the Ozark region. There is some evidence, however, • 
one if not more of the present folds of the Batesville district ij'^ep^^^^ ^ 
begun about the close- of the Ordovician period. 

FOLDS. 

Many small folds were observed during the present investigati 
and many others can doubtless be discovered if a better topograph 
map than the one at present available can be had. A few fol 
that are sufficiently pronounced and those that are intimately ass 
ciated with important manganese deposits receive special menti^ 
below. 

An anticline whose axis lies along the crest of the ridge north 4^^ 
the Cason mine (fig. 10) extends northeastward for at least 1^ 






miles from this mine, A small area of outcrop of the Plattin lime^^^ 
stone half a mile northeast of this mine is on the crest of the anti-"" 
cline. 

The rocks at the Cason mine (fig. ip) lie in a shallow syncline 
which is a minor cross fold on the southeast side of the anticline W^ 
just mentioned. The axis of the syncline trends northwest. The 
St. Clair limestone and Cason shale in the West cut, which is on 
the west side of the syncline, dip 15° to 20° NNE., and in the 
North cut, which is on the east side of the syncline, they dip at 
about the same angle to the southwest. 

A broad eastward-trending syncline lies about 1 J miles north-north- 
east of Cushnian, and in it are the Blue Eidge, Southern, Grubb Cut, ^ 
Rogers, Wren, Polk Southard, and Turner mines. (See PL XII.) 
The Blue Ridge, an east-west ridge which is capped by the Boone 



K 



Digitized by VjOOQIC 



11 




DEPOSITS AT : 




T I. IJ 



I , I , 1 



.:i.::..)ii.i.j... i ..i.J 



5. am 



AT THE LA4 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



GEOLOGY. 



47 



chert, is on or near the axis of the syndine. On the south side of 
the syncHne the St. Peter sandstone and Joachim limestone are 
revealed in an anticline in the southern part of sec. 3, T. 14 N., 
R. 7 W., and on the north side they are revealed in two anticlines 
just north of Turner Creek, in sees. 33 and 34, T. 15 N., R. 7 W. 
The axis of a shallow east-west syncline half a mile wide passes 
through Anderson. The oldest exposed formation in this syncline 
is the St. Peter sandstone, and the youngest exposed east of Anderson 
is the Fernvale limestone. The Earl Collie, Sand Field, Manganese 
Field, Euminer Rough, and Barksdale mines and the Caraway pros- 
pect are in this syncline. 

The St. Clair limestone is exposed on the crest of a low anticline 
just south of Big Spring, and the Fernvale limestone on the crest 
of one just east of Walls Ferry station and another 1^ miles south 
of that place. 

A small syncline lies in the XW. i sec. 35, T. 15 N., R. 6 W., near 
the E, W* Roach prospect, IJ miles east-northeast of Sandtown. 
The surface in this vicinity is gently rolling, and although most of 
the surface is underlain by the St. Peter sandstone the Plattin and 
Joachim limestones underlie a nearly circular area about 500 feet in 
diameter and dip at high angles toward its center. The limestones, 
therefore, he in a funnel or saucer shaped syncline. The Plattin 
limestone, in the center of the syncline, is brecciated in places and its 
outcrop occupies a circle 250 feet in diameter. Outside this circle the 
Joachim limestone is exposed in a narrow belt, and outside this belt 
the St. Peter sandstone is exposed. A syncline similar to the one just 
described lies about half a mile north of the E. W. Roach prospect, 
but the Joachim limestone is the only limestone that is present in it. 
A third saucer-shaped syncline lies 1 mile liorth of Hickory Valley. 
The St. Clair limestone is exposed at and near its center, and the 
Kimmswick and Plattin limestones are exposed outside the area of 
the St. Clair. Another syncline of this type lies 2 miles east-north- 
east of Hickory Valley, and there is another 2^ miles northeast of 
this village. The Plattin limestone outcrops in nearly circular areas 
at the centers of both synclines. The synclines just described are 
apparently similar in shape to some that are near RoUa, Mo., and 
that are mapped and described by Lee *^ as " structural sinks " and 
" filled cave structures." He ascribes their synclinal structure to the 
sagging and falling in of the strata that formed the roofs of caves. 
Further study of the saucer-shaped synclines in the Bates ville district 
may show that they had the same origin as those in MissourL 

There are several monoclinal folds, among which is one at the 
abandoned village of Phosphate and farther southwest, where the 

^ Lee, WaUace, The geology of the RoUa quadrangle : Missouri Bur. Geology and Mines, 
Tol. 12, 2d ser., pp. 64-68 and geologic map, 1913. 
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strata dip to the south or south-southwest ; for a distance of several 
miles southeast of Cushman the strata dip to the southwest, toward 
Big Spring; the strata between Cura Creek, near Hickory Valley, 
and Sullivan Creek, to the west, liave a general south-southeast dip. 

FAULTS. 

Faults are rare in the Batesville district, only seven being known, 
and all are normal faults. Although no exposures were found show- 
ing the angle of dip of the fault planes, their dip is probably high at 
all places. 

The longest fault extends in an east-northeast direction for a dis- 
tance of 7 or 8 miles from a locality about 2 miles north of Bates- 
ville; it passes just south of the Cason mine (figs. 10 and 11), also 
passes just south of Pfeiflfer, and probably terminates about 1 mile 
north of Sharps Cross Koads. The downthrow is on the south side 
and is perhaps 400 feet throughout much of the length of the fault. 
The strata just north of the fault at the Cason mine dip 15°-20*^ S., 
and similar dips in this direction were observed on the north side of 
the fault for a distance of 1 mile farther northeast. 

The next longest fault extends east-northeast for 4 miles from 
Euddell's Mill, which is 2^ miles west of Batesville. The fault was 
not traced by the writer as far west as Euddell's mill, but the occur- 
rence of the fault at that place is indicated on one of the geologic 
maps (Batesville sheet) that accompanies volume 4 of the Annual 
Report of the Arkansas Geological Survey for 1890. The downthrow 
is on the south side of the fault and is probably 100 feet or more. 
The same geologic map indicates another fault that extends west- 
northwest from a point about half a mile southwest of Euddell's 
Mill. The downthrow is on the south side. This fault was not 
studied by the writer, and its location as shown on Plate I is taken 
from the map mentioned above. 

A northeastward-trending fault 1 mile long lies 2| miles north- 
northwest of Cushman. The downthrow, which is on the southeast 
side, is about 200 feet near the northeast end of the fault and 50 
feet near the southwest end. 

A fault trending east by north passes through Penters Bluff sta- 
tion and extends eastward as far as West Lafferty Creek; it probably 
crosses White Eiver west of the station. How far the fault extends 
into Stone County has not been determined. The downthrow is on the 
south side and is about 250 feet at the station, but it gradually de- 
creases to the east. The oldest exposed formation on the north 
side of the fault at the station is the Plattin limestone, whereas 
the oldest on the south side at that place is the Fernvale limestone. 
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Two short parallel faults 250 feet apart, having an eastward trend, 
occur on Polk Bayou 4J miles east-northeast of Cushman. The 
Joachim and Plattin limestones are exposed in the belt between the 
faults, whereas the St. Peter sandstone is exposed both north and 
south of the belt. The rocks in this belt have settled about 100 feet. 
(See fig. 18.) 

OR£ DEPOSITS. 

MINERALS OF THE OKES. 

General features, — ^The manganese ores of the Batesville district 
consist of oxides, six of which, psilomelane, hausmannite, braunite, 
manganite, pyrolusite, and wad, have been identified. Although 
these minerals may be found separately, two or more are generally 
mixed in the same deposit, and at a few places they are associated 
with ferruginous manganese ores and with small quantities of brown 
and red oxides of iron. At some places the ferruginous manganese 
ores predominate. Psilomelane is the most abundant manganese 
mineral, but hausmannite, braunite, and wad constitute a consider- 
able part of the ores. 

The identification and naming of the manganese minerals is based 
largely on the table in a report by Fermor *^ on the manganese de- 
posits of India. In general if the mineral is uncrystallized or 
amorphous and has a hardness greater than 4 it is classed as psilome- 
lane. If it is soft and shows no signs of crystalline structure nor of 
the compact firm amorphous structure of psilomelane it is classed as 
wad. If it is crystalline and can not be scratched with a brass pin 
but can Jbe easily scratched with a knife it is classed as manganite, 
whereas if it can be easily scratched with a brass pin and if it black- 
ens the fingers it is classed as pyrolusite. If it is crystalline and can 
be scratched with difficulty with a knife it is considered to be 
braunite or hausmannite. Braunite has a brownish-black streak and 
yields gelatinous silica when a solution of it in hydrochloric acid is 
evaporated, whereas hausmannite has a chestnut-brown or reddish- 
brown streak and yields no gelatinous silica when a hydrochloric 
acid solution of it is evaporated. Many oxides of manganese that 
have been found in the United States and in other countries have 
not been adequately studied, and some of these are doubtless included 
among the oxides in the district under discussion. There is, there- 
fore, a possibility of errors in identifying some of the manganese 
oxides. 

*^ Fermor, L. L., The manganeae-ore deposits of India : Geol. Survey India Mem., toI. 
37. pt. 1, pp. 228-229, 190». 
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The chief minerals in the Batesville district, including the man- 
ganese oxides that have been identified with a fair degree of cer- 
tainty, are described below. 

PaUovielane. — Psilomelane is black or steel-blue, is amorphous, 
breaks with a conchoidal fracture, and at a few places shows botryoi- 
dal surfaces. It has a specific gravity of 3.7 to 4.7 and commonly 
has a hardness of 5 to 6.5, so that a steel knife blade scratches it with 
difficulty if at all. Although its chemical composition may be repre- 
sented by the formulas Mn02.(Mn, K, Ba)0.nH20 and H^MnOg, 
the composition is not definite, as the percentage of manganese 
ranges from 50 to 57, and as the amounts of minor accessory constitu- 
ents, such as iron, barium, potassium, and water, show a wide range. 
Phis is the most abundant manganese mineral in the Batesville dis- 
trict. Three analyses of it are given below. 

Analyses of psilomelane from the Batesville district. 



%\ 



Manganese protoxide (MnO).. 

Oxygen (O) 

Ferric oxide (FeaOs) 

Alumina (AljOs) 

Lime(CaO) 

Baryta (BaO) 

Magnesia (MgO) 

Potash (KsO) 

Soda(Na»0) 

Phosphoric add (PsOs) 

Silica (SiOs) 

Water (HjO) 



77.85 
14.56 
.90 
.80 
1.81 
.21 

1.99 
.97 
.67 
.83 



100.59 



84.905 

10.483 



Trace. 

.512 



2.845 
1.820 



100.655 



82.448 

10. 002 



1.178 

.282 

Trace. 



5.329 
.^11 



99.850 



• Very alight trace. 

1. Penrose, R. A. F., Jr., Manmnese— its uses, ores, and deposits: Arkansas Geol. Survey Ann. Kept, 
for 1890, vol. 1, n. 145, 1891. R. N. Brackett, analyst. Specimen for analysis "from Cave Creek, 9 mues 
north or Batesville, Independence County." 

2, 3. Owen, D. D., First report of a geological reconnaissance of the northern counties of Arkansas, pp. 
161-163, 185S. William Elderhorst, analyst. Specimens for analysis iiom "the main manganese mine 
2 miles above West Fork of Lafferty Creek, Independence County." 



Si 

u 



Hcmsmamiibe^^ — Hausmannite is a brittle steel-gray mineral, hav- 
ing a chestnut-brown or reddish-brown streak and a submetallic 
luster. It is finely to coarsely granular but locally crystalline, is 
translucent on thin edges, and has an uneven fracture, a perfect 
basal cleavage, and a hardness of about 6.5. It is weakly magnetic, 
as some of the finely powdered mineral may be picked up by a mag- 
net. The crystals, which appear to be small octahedra, cover cavi- 
ties in the massive mineral. The chemical composition is expressed 
by the formulas MugO^ and MnCMngOg. Chemically pure haus- 

^The occurrence, physical and optical properties, and chemical composition of the 
hausmannite In the Batesville district have been fully described by the writer and J. G. 
Fairchild in a paper that was published in the Journal of the Washington Academy of 
Sciences, in vol. 10, No. 1, 1920. 
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mannite would contain 72 per cent of manganese. Next to psilome- 
lane it is the most abundant manganese mineral in the Batesville 
district. It has heretofore been classed as braunite. The accom- 
panying analyses represent the composition of two samples of haus- 
mannite, one being from the W. T. Gray mine and the other from 
the Club House mine. The samples were carefully prepared in 
order to free them as far as possible from a little psilomelane which 
they contained. Polished surfaces showed the presence of psilome- 
lane as fine disseminated particles and as veinlets too minute to be 
observed by a pocket lens on a rough, fractured surface ; more psi- 
lomelane was seen in sample No. 1 than in sample No. 2. 

Analyses of hausntanmte from the Batesville district 
[J. G. FairchUd, analyst.] 



Manganese protoxide (MnO) . 

Oxygen(O) 

Iron oxide (Fe>0«) 

Altimina (AlsOs) 

SiUcafSiOi) 



9a 40 
8.87 



Lime (CaOl. 

". t(Mg< 
Baryta (BaO). 



Magnesia ( 



O). 



Total water (HsO). 



Manganese (Mn) 

Spedflc gravity at IS-S** C. 




a A trace of iron. 

1. Sample from W. T. Gray mine. 

2. Sample from Club House mine. 

Penrose ** gives an analysis of a mineral from the Batesville dis- 
trict whose description accords rather closely with that of hausmann- 
ite, but the analysis corresponds to the formula MugOj. He therefore 
considered the mineral to be a silica-free braunite. Although a min- 
eral corresponding to the formula MngOg is possible, the present 
writer believes that the sample analyzed consisted largely of haus- 
mannite but contained a little psilomelane. This belief is based upon 
the following facts : 1. Of the many specimens of hausmannite studied 
in the present investigation not one was found that was entirely free 
from psilomelane, and this is apparently the only mineral with which 
it is intimately mixed. 2. It is practically impossible to separate the 
hausmannite from the smallest particles of psilomelane, except per- 
haps with the aid of a microscope. The analysis given by Penrose 
follows : 

*• renrose, R. A. F., Jr., op. cU., pp. 14^149. 
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Analysis of J)raunite [f] from the Batesville district. 

[R. N. Brackett and W. A. Noyes, analysts.] 

Manganese protoxide (MnO) 87.47 

Oxygen (O) 9.62 

Ferric oxide (FejOs) .44 

Alumina (AWt) . 11 

Lime (CaO) .34 

Baryta (BaO) .48 

Magnesia (MgO) Trace. 

Potash (KaO) .10 

Soda (NaaO) ' .05 

Phosphoric acid (PsOb) ^_.- .25 

Silica (SiOa) , .18 



99.04 

Braimite, — Braunite is a brittle steel-gray mineral having a 
brownish-black streak, a submetallic luster, and a hardness of 5.5 to 6. 
It is weakly magnetic. Some of it has a granular texture, but the 
greater part is crystalline. Its crystals are small and numerous and 
are octahedral. The composition is usually expressed by the formula 
BMUaOg-MnSiOg. The percentage of manganese in chemically pure 
braunite ranges from about 63 to 66. Some silica — from 7 to 10 per 
cent — ^is always present, which indicates that it is chemically com- 
bined. It appears as a gelatinous residue when hydrochloric acid 
containing braunite in solution is evaporated. An analysis of 
braunite follows: 

Analysis of braunite from the Batesville district,*^ 

[William Elderhorst, analyst.] 

Manganese protoxide (MnO) 75.386 

Oxygen (O) 7.979 

Ferric oxide (FesO.) 3.523 

Cobalt oxide (CoO) Trace. 

Lime (CaO) 1.833 

Magnesia (MgO) .192 

Silica (SiOa) 9.968 

Water (H.0) 1. 295 

100.176 

Manganite, — Manganite (MnjOg.HgO) is a brittle steel-gray 
granular or crystalline mineral with a dark-brown or nearly black 
streak. It has a hardness of 4 and therefore can be scratched with a 
knife but not with a brass pin. Manganite crystallizes in the 
orthorhombic system and the crystals are generally bladed, wedge- 
shaped, or needle-like. It contains 62.4 per cent of manganese and 
10.3 per cent of water. The specific gravity ranges from 4.2 to 4.4. 

**Owen, D. D., First report of a geological reconnaissance of the northern counties of 
Arkansas, pp. 164-165, 1858. 
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Although it is present at a number of localities in the Batesville dis- 
trict it forms a very small part of the manganese ores. Nodules 
from some of the deposits are made up of alternate layers of 
psilomelane and radiating crystals of manganite. 

Pyrolusite. — ^Pyrolusite (MnOg generally with a little H^O) is a 
grayish-black to jet-black mineral, having a crystalline or granular 
structure and a black or bluish-black streak. It has a hardness of 
2 to 2.5, and can therefore be scratched with a brass pin. Much 
of it crumbles between the fingers and blackens them. The specific 
gravity is about 4.8. It contains 63.2 per cent of manganese. It has 
been generally regarded as derived from manganite by the loss of 
water. Pyrolusite occurs at few localities and in small quantity. 

Wad, — Wad is a dark-brown to black very soft earthy mineral, 
which is commonly considered to be an impure hydrous oxide of 
manganese. It is associated with more or less iron, silica, alumina, 
and water. It is present at many localities in the Batesville district 
and at some of these places it exceeds in quantity the higher-grade 
manganese minerals. During the last few years, when there was a 
demand for low-grade ores, considerable wad was shipped from the 
district. Most of the wad that has been shipped contained from 
20 to 30 per cent of manganese. Dendrites, branching mosslike 
growths of wad, are common along joints in the Boone chert where 
it is associated with manganese deposits and along cracks and on 
fossils in the St. Clair limestone. 

Other rrumganese minerals. — A pink crystalline manganiferous 
calcite (manganocalcite) occurs in a lenticular horizontal vein 1 inch 
thick and 2 feet long near the top of the Cason shale at the Cason 
mine. The same mineral was observed in the ore deposit in the top 
of the Femvale limestone at the W. A. Chinn cut. A brown manga- 
nese-bearing carbonate occurs at the Harvey mine near Penters 
Bluff station, at one of the Pittman mines on West Lafferty Creek, 
and at the Cason mine. An analysis of a partly oxidized sample of 
this mineral, from the Harvey mine, is given on page 60. An analysis 
(p. 137) of the fossil girvanellas in the lower part of the St. Clair 
limestone at the Cason mine indicates the presence of manganese 
carbonate in them. A brown translucent manganese silicate, which 
thus far has not been identified, was found in a tunnel 30 feet long 
in a hollow on or near the south line of sec. 16, T. 14 N., R. 6 W. 
This tunnel is mentioned on page 129 as one of the openings of the 
Adler mine. 

Iron oxides. — ^Iron oxides, which probably comprise several hy- 
drous sesquioxides of iron, are associated with the manganese ores 
at many localities. Of these limonite (2Fe203.3H20) and hematite 
(FejOg) are the most abundant. But as the mineralogic species of 
I04pe9— 22 5 
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the iron oxides found in each deposit have not been determined these 
oxides are called in this report simply brown or red oxides oi iron^ 
according to their color. The hematite at a few localities has a 
foliated or micaceous structure and part of it is soft and unctuous. 

Ferj^ginous mcmffonese ore. — ^The ferruginous manganese ores are 
generally more or less intimate mixtures of poorly defined oxides 
of manganese with oxides of iron in various proportions. The iron 
oxides are usually limonite and hematite. The manganese is gener- 
ally in the form of psilomelane, though braunite, manganite, and 
wad are common at some places. The content of manganese ranges 
from 10 to 35 per cent or more. The higher grades are used in 
making spiegeleisen and ferromanganese and the lower grades in 
making high-manganese pig iron. 

Barite. — The manganese ores at a number of places contain barite 
but not in sufficient quantity to injure their value. Most of the 
barite consists of tabular crystals 3 inches or less in their longest 
dimension or of coarsely granular aggregates embedded in the masses 
of manganese oxides. (See PI. X, C.) These crystals and aggre- 
gates are generally colorless or white, but specimens of ore from 
the Cummins Hollow and Johnson Hill mines were observed that 
contained amethyst-colored barite. Some of the barite contains 
manganese oxides that have partly replaced it. Tabular-shaped 
cavities were observed in specimens of ore at the Grubb Cut and 
Hunt Hollow mines. They were once probably occupied by barite 
that has since been removed by solution. At the McConnell and 
Page mines and the Fortune and Eliza Patterson prospects the 
barite occurs as white hairlike crystals, one-tenth of an inch or less 
in length, that line cavities in the ore. Barite was also observed 
associated with manganocalcite in a small pocket in the top of 
the Femvale limestone at the W. A. Chinn cut and with the same 
mineral in a small vein near the top of the Cason shale at the Cason 
mine. 

Chert and quartz. — ^Although chert fragments and pebbles occur 
in parts of the ore-bearing clays at most localities in the Batesville 
district, they are found in the masses of manganese ore at only the 
Roach, Chapel Hill, McGee, Hawkins, and Story mines and at a few 
other localities. Some masses of porous chert in the ore-bearing clay 
contain drusy quartz, and doubly terminated quartz crystals were 
found oxi a few of the old mine dumps where such chert had been 
placed. These crystals are most abundant at the Southern mine. 
There they are half an inch or less in their longest diiriension, and 
although many are transparent most of them are brown from the 
presence of minute inclusions of a manganese oxide. Grains of 
quartz sand occur in some of the ore-bearing clays and at some places 
hnses of such sand overlie or occur in the ore-bearing clays, but at 
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only a few places are sand grains embedded in the ore. The princi- 
pal mine, part of whose ore is sandy, is the Ball mine. 

PJiosphaie rock, — Phosphatic sandstone and shale, beds of high- 
grade phosphate rock, and phosphatic pebbles are associated with 
much of the manganese ore in the Cason shale and have been de- 
scribed under the heading "Cason shale" (pp. 24-26), but some I 
details will be given in the descriptions of the manganese mines 
and prospects. ■ 

CcHcite, — Calcite in fine particles is disseminated through some IM |l 

of the ore. As a rule it represents simply the part of the Fernvale 
limestone that has not been replaced by the manganese ore. Veins , 

of calcite a fraction of an inch thick are in the ore-bearing part of 
the Cason shale at the Cason mine. A piece of manganese ore 3^ 
inches in its longest dimension that was found on the dump at the 
L#. J. Weaver mine is coated with a layer of calcite one-sixteenth of 
an inch or less thick. A mass of onyx marble was encountered in a. 
cave partly filled with manganese-bearing clay at the Club House: 
mine ; it is described on page 214. 

Other minerals. — Specimens of the Cason shale that were found, 
at the Cason mine by D. F. Hewett, of the United States Geological 
Survey, show films and crystals of arsenopyrite. 

Minute quantities of galena (PbS), the largest piece the size of a. 
man's fist, were found in the lower part of the St. Clair limestone at 
the Cason mine while this limestone was being quarried from above 
the Cason shale. The galena observed by the writer occurred in 
cavities formed by the solution of fossil girvanellas and in fine veins 
in the parts of the limestone that contain the girvanellas. Galena 
has been found in the Montgomery mine also, and a specimen of it 
weighing a few ounces was given to the writer. Part of the galena in 
the specimen had been changed to greenish-yellow pyromorphite 
(PbCl)Pb4(P04)3 and was embedded in manganese oxide. 

Pyrite occurs in small quantity at the Cason mine in the green and 
partly reddened parts of the Cason shale and in the beds of the St^ 
Clair limestone that immediately overlie the Cason shale. 

Relations of the manganese minerals. — The masses of manganese 
oxides are generally irregular in shape and have rough surfaces ; at 
only a few places are they nodular or botryoidal and smooth. 
Although most of the masses that are mined are in clay some are in 
limestone, shale, chert, and sandstone, and there is much evidence to 
show that the manganese oxides have replaced all these inclosing 
materials. Only a small part of the oxides have replaced clays ; the 
greater part of them are a residue from the decomposition of lime- 
stone and shale. The oxides have also partly replaced some of the 
coarsely granular barite. 
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Manganiferous calcite (manganocalcite), which has been found 
in limestone and shale at a few places, has replaced parts of these 
rocks. The occurrence of manganese oxides as a coating on masses of 
manganese-bearing carbonates and of thin veins of oxides in such 
masses is proof that the oxides represent oxidized portions of the 
carbonates. (See PI. X, Z>.) These relations suggest that all the 
manganese oxides of the Batesville district have been derived from the 
oxidation of manganese-bearing carbonates. 

The oxides generally occur mixed. Almost every specimen that 
has been examined contains two oxides, the following combinations 
being the most common : psilomelane and braunite, psilomelane and 
hausmannite, and psilomelane and manganite. Braunite lines cavi- 
ties in psilomelane and occurs as more or less porous granular aggre- 
gates. Hausmannite is generally disseminated as large and small 
grains through compact psilomelane. Specimens are common that 
show a gradation from psilomelane with a few fine grains of haus- 
mannite scattered through it to a coarsely granular hausmannite 
containing only a small quantity of psilomelane. Braunite is gen- 
erally if not entirely confined to manganese deposits that were formed 
by the replacement of limestone and shale. One specimen was studied 
that showed thin seams of psilomelane cutting hausmannite and 
earlier psilomelane. 

Some hausmannite occurs in the Fernvale limestone as a replace- 
ment material, but most of it is found in clay as residual masses that 
have been set free by the decomposition of the limestone. It appears 
to be absent from deposits formed by the replacement of the Cason 
shale and residual clays. This seems to show that a smaller supply 
of oxygen was available in the limestone than in the shale and clays, 
for hausmannite contains a smaller percentage of oxygen than the 
other manganese oxides that are present in the district. 

Some of the nodules of oxides in which psilomelane and manganite 
are present are made up of concentric layers, in which the manganite 
has the form of radiating needles. 

TTPES OF DEPOSITS. 

GENERAL FEATURES. 

The workable manganese and ferruginous manganese deposits of 
the Batesville district may be grouped into the following five types, 
partly according to the rock formations and clays in which they 
occur and partly according to their origin : 

Deposits in the Cason shale and its residual clay. 
Replacement deposits in the Fernvale limestone. 
Residual deposits derived from the Fernvale limestone. 
Replacement deposits in clay. 
Transported deposits in stream gravels. 
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Most of the ore-bearing clays are residual from the Fernvale limd* 
stone and the Cason shale, but some are residual from the Joachim, 
Plattin, and Kimmswick limestones. The deposits in the Cason shale 
and in the clays have yielded the greater part of the production of 
the district. The ores in the clays and those in the stream gravels 
are in masses ranging in weight from less than 1 pound to 22 tons. 
Most of these masses have simply been freed by weathering from the 
rock formations named above and have settled by gravity or have 
been washed by streams to their present positions. At most mines 
and prospects only one type is represented, but at some two types 
and at a few three types are present and have yielded ore in com- 
mercial quantities. 

DEPOSITS IN THE CASON SHALE AND ITS RESIDUAL CLAT. 

Manganese and ferruginous manganese ores are widely distributed 
in the Cason shale. The deposits have been worked at a number 
of places and have yielded most of the ferruginous manganese ores 
and a considerable part of the manganese ores that have been pro- 
duced in the Batesville district. The Cason shale is generally 
present in the vicinity of Cushman and farther west. East of 
Cushman it is absent at most places, but the ore deposits in that area 
are larger and contain a higher manganese content and a lower iron 
content than the deposits farther west. The shale is thin, at no place 
exceeding 12^ feet in thickness, but its residual clay is 20 feet or 
more thick at the Montgomery mine, suggesting that the shale at 
that locality was probably more than 12^ feet thick. 

The ores consist of iron and manganese oxides, which are in 
places more or less intimately mixed. The manganese oxides are 
mainly psilomelane and braunite, and the iron oxides include both red 
and brown oxides. These minerals occur as irregular masses, as thin 
horizontal seams and beds, and as "buttons," which are flattened 
concretion-like masses about an inch in their longest diameter. 

The "buttons" are stated by E. O. Ulrich*'* to be fossil girvan- 
ellas which are an algal growth. They were once spherical or 
nearly so and were composed principally of calcium carbonate but 
partly of manganese carbonate, and they have since been flattened 
by pressure and have been replaced by manganese and iron oxides. 
(See PI. X, A.) They lie parallel with the bedding of the shale 
and are more or less uniformly disseminated through the shale and 
its residual clay at some localities. The most noteworthy occurrence 
of the manganese "buttons" is at the Cason mine, which has pro- 
duced more low-grade manganese ore than any other mine in the 
district. They are so numerous that the " button "-bearing residual 

••Oral communication. 
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clay of the Cason shale has been shipped without any treatment, 
and in recent years much of the " button "-bearing shale has been 
quarried and shipped as ore. This ore has averaged about 20 per 
cent of manganese. Only a part of the shale at that mine contains 
^'buttons" of manganese oxide; the rest contains red and gray 
^' buttons " composed largely of manganese-bearing calcite. Various 
stages in the transition of gray carbonate to red carbonate " buttons " 
and the replacement of the red "buttons" by manganese oxide are 
well displayed in the cuts. (See fig. 12, p. 141.) 

Other noteworthy occurrences of "buttons" of manganese oxide 
are at the Montgomery mine and the Button prospect, and a com- 
paratively small number of them were observed at the Adler mine, 
O'Flinn prospect, Johnson Hill mine, and Ball mine. At all these 
workings the " buttons " are in clays, except at the O'Flinn prospect, 

Button prospect, and John- 
son Hill mine, where some 
of them a re in shale. ( See 
PI. XI.) 

Considerable prospect- 
ing has been done recently 
by means of diamond 
drills to discover other 
areas of " button "-bearing 
Cason shale, but none have 
been found. The records 
of the drill holes are given 
on pages 42-45. There ap- 
pears to be very little chance of finding new deposits of such shale 
by any method of prospecting. 

" Buttons " of red iron oxide were observed in the residual clay of 
the Cason shale at two of the Pittman mines, at the mine of the 
United Phosphate & Chemical Co., at the Breeden prospect, and at 
the W. T. Gray mine. 

The irregular masses of ore are generally porous and have rough 
surfaces^ but those that have a botryoidal shape are usually smooth. 
Such masses constitute most of the ore at the Ball mine and much of 
it at the Montgomery mine. The lenses and beds are shaly and 
porous at most places and are parallel with the bedding of the shale. 
Three localities at which they occur are the Meeker and Blue Ridge 
mines and the F. M. Barnes prospect. Although they occur in dif- 
ferent parts of the shale, they are most common in the base. At some 
places it is nearly or quite impossible to distinguish the ledge in the 
base of the Cason shale from a nearly horizontal replacement deposit 
of ore that occurs at places in the top of the Fernvale limestone. 




Porous ore wifh buttons— ^^-^^ 

9 .... ? 



FiouRB 3. — Sketch showing occurrence of manga- 
nese ores at Montgomery mine. ( After Harder. ) 
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Some of the masses, lenses, and beds just described occur in sand- 
stone but most of them in shale and clay, and the manganese 
oxides constituting them have replaced parts of the country rock, as 
is shown by the occurrence of sand grains, pebbles of phosphate rock, 
and irregular areas of shale, clay, and sandstone in the ore. Not 
only do these materials occur in such ore, but ^^ buttons " of manganese 
oxide were observed in lenses and masses of ore at the Ball, Cason, 
and Montgomery mines, showing that manganese oxides have re- 
placed some of the clay and shale through which the manganese '' but- 
tons " were scattered. (See fig. 3 and PL X, B.) 

The occurrence of manganese-bearing calcite disseminated through 
those parts of the Cason shale at the Cason mine that have been 
least affected by weathering suggests that all the manganese oxides 
in the deposits described above have been formed by the oxidation 
of the carbonate. This suggestion is supported by the occurrence 
in the Femvale limestone of manganese-bearing calcite that has 
yielded at least some of the manganese oxides in that limestone and 
its residual clays. If this interpretation is correct, the oxidation of 
the manganese-bearing carbonates is perhaps superficial, and the 
oxides may not extend below the ground-water level of the district. 

REPLACEMENT DEPOSITS IK THE FERNVAIiE LIMESTONE. 

The occurrence of manganese minerals in the Femvale limestone 
is discussed as follows byPenrose:** 

The manganese, as seen in the St. Glair [Femvale] limestone, exists in the 
same or almost the same chemical and physical condition as in the clay that 
now incloses it in the various manganese localities — ^that is, it occurs as oxides 
in bodies of different sizes. It is very probable that the manganese origlnaUy 
existed in the limestone in the form of a carbonate and was subsequently oxi- 
dized into its present condition. Possibly this oxidation may be only superficial, 
and below the water level of the country the ore may stUl retain Its carbonate 
form. Small quantities of the carbonate sometimes exist in a finely dissemi- 
nated state in the limestone, even on the surface, but practicaUy all the manga- 
nese in the limestone, as now seen in surface exposures, is In the oxide state, 
and the disseminated carbonate is insignificant in comparison with the larger 
masses of oxides. 

It is very possible that, In some cases, the manganese oxide in the limestone 
may be In a different stage of oxidation from that in the clay and may there- 
fore r^resent a different mineralogical form of oxide; but in many cases at 
least the ores in both positions seem to represent the same oxide or oxides. 
Very often the ore in the limestone contains small inclusions of more or less 
pure crystalline calcite ; while where the ore occurs in the clay the inclusions 
have sometimes been leached, leaving hollow cavities which give the ore a honey- 
combed appearance. The cavities are often partly filled with red, yellow, or 
dark-brown clay, representing the residual product of the calcite. Sometimes, 
however, especially in the more compact ore, the calcite remains In its original 
form, even when the ore has been freed from the limestone for a long time. 

^ Penrose, B. A. F., Jr., Manganetse — Its uses, ores, and deposits : Ailcansas Gkol. Survej 
Ann. Kept, for 1890, vol. 1. pp. 167-168, 1891. 
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The shape of the ore bodies in the limestone varies considerably in different 
places but always conforms in a general w^y to the bedding of the rock. The 
ore occurs as irregular lumps and masses, often connected by thin layers of 
the same material ; as lenticular bodies, a few feet to several yards in length ; 
as flat masses or small concretions lying in the planes of bedding of the rock ; 
as small disseminated particles and nodules the size of small shot ; and, in some 
places, in so fine a state of division as to form a dark chocolate-brown coloring 
matter. This last form sometimes occurs in thin layers in the rock and some- 
times as a finely disseminated material, giving the dark-brown color often seen 
in the limestone. When considerable quantities of It are present the rock often 
loses part of its highly developed crystalline structure and presents a dark, 
earthy appearance. The larger masses of ore occur both in this dark-colored 
and in the light-colored rock. In the latter case they are usually associated 
with more or less red clay, either in the form of a thin coating around the 
masses of ore or as films between layers of ore. 

Since the above paragraphs were written by Penrose several open- 
ings have been made in the Batesville district that reveal the pres- 
ence of manganese-bearing calcite. The discovery of this calcite, 
together with evidence that much if not all of the manganese oxide 
in the Fernvale limestone and its residual clay is derived from it, 
supports the statement by Penrose given above, namely, that the 
oxidation of the manganese-bearing calcite is possibly only super- 
ficial and that the manganese may still retain its carbonate form 
below the water level of the country. The most poteworthy occur- 
rence of manganese-bearing calcite is in the uppermost beds of this 
limestone at the Harvey mine. This calcite is a fine to coarse-grained 
mineral which has entirely replaced parts of the limestone, and which 
has been partly oxidized and replaced by manganese and ferruginous 
manganese oxides. (See PI. X, Z>.) A small quantity of the oxide- 
bearing carbonate has been quarried and shipped as a low-grade ore. 
A few boulders of ore that were mined near the surface appeared 
to consist entirely of manganese and ferruginous manganese oxides, 
but when they were broken open they were found to contain cores 
of the unoxidized carbonate. An analysis of a sample of this car- 
bonate that was partly oxidized follows : 

Analysis of marirganese-hearing carhonate at the Harvey mine, 

[R, C. Wells, analyst.] 

Manganese (Mn) ^ 35.50 

Iron (Fe) 6.54 

Silica (Sida) 1.51 

Alumina (AlaOa) - 2.06 

Lime (CaO) 10.60 

Magnesia (MgO) - - .G6 

Although the sample for the analysis was partly oxidized, the 
chief constituents as indicated by the analysis and by the presence 
of only a small quantity of iron and manganese oxides in the sample 
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are manganese, iron, and calcium carbonates, which are chemically 
combined. The mineral is here regarded as manganiferous calcite. 
This or a similar mineral occurs in the Femrale limestone at one of 
the Pittman mines and at the W. A. Chinn cut. 

The manganese oxides and the manganese-bearing carbonate gen- 
erally occur in the upper part of the Fernvale limestone and they 
are by no means uniformly distributed through this part of the 
limestone. At only the following places have the oxides been found 
in sufficient quantity in the limestone for such parts of the limestone 
to have been shipped as ore: One of the Pittman mines, the Club 
House mine, the Henley mine, the Adler mine, the W. A. Chinn cut, 
and one of the Walter Chinn prospects. None of the deposits at 
these localities have yielded more than a few hundred tons of man- 
ganese-bearing limestone that was found profitable to work. Other 
localities where masses of manganese oxides were observed in the 
Fernvale limestone are the A. R. Chinn, Simmons, Champlain, and 
Williamson-GuUey prospects and the Searcy, Rutherford, Roberts, 
Cutter, Verna, Hankins Hollow, and Cummins Hollow mines. 

RESmUAL DEPOSITS DERIVED FROM THE PERNVALcE LIMESTONE. 

General features. — The manganese deposits derived from the Fern- 
vale liinestone are more numerous than those of any other type and 
have yielded by far the greater part of the output of high-grade 
manganese ore from the Batesville district and have also yielded a 
considerable part of the output of low-grade ore. Furthermore,, 
they contain the largest reserves of available ore in the district. 
The largest known deposit of this type is that at the Southern 
mine, which has produced 36,500 tons of ore. Other deposits of 
this type that have yielded a production of about 400 tons or more 
are at the W. T. Gray, Searcy, G. A. Wilson, Roberts, Denison, Sis 
Clark, Brooks Hill, Grubb Cut, Rogers, Polk Southard, Turner, 
Lassiter, Club House, Shaft Hill, Hankins Hollow, Cummins Hol- 
low, Ruminer Rough, and Manganese Field mines. 

The manganese ores consist entirely of masses of oxides and they 
occur in residual clays that overlie not only the Fernvale limestone 
but also the Joachim, Plattin, and Kimmswick limestones. These 
masses in their shape and in the character of their component min- 
erals are like the masses of manganese oxides in the Fernvale lime- 
stone that have been described above. In fact, they were once em- 
bedded in this limestone, and after they were set free from it by the 
removal of the calcium carbonate they settled by gravity or were 
washed by streams to their present position. On account of their 
scientific interest the ores transported by streams will be described 
separately. They are of minor commercial importance. 
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Manganese-hearing clays. — ^The manganese-bearing clays are a 
residue from the decomposition of not only the Femvale limestone 
but also the Joachim, Plattin, and Kimmswick limestones. Most of 
the clays were derived from the Femvale limestone, which at many 

places has been entirely decomposed, so that 
the clays there rest upon the lower limestones 
or upon their residual clays. The decomposi- 
tion of the Femvale limestone is in part de- 
scribed as follows by Penrose :*'' 

Throughout the manganes»e region aU stages of 
decomposition of the Unaestone and all stages of 
erosion of the residual products can be seen. Some- 
times the limestone is exposed in its full thickness 
and shows no sign of decomposition. This is 
especially true along its extreme southerly outcrop, 
where it rises from under a heavy, protecting cap 
of chert. But to the north it has succumbed more 
and more to decomposing influences and has finally 
disappeared altogether, leaving nothing but the 
residual clay and ore, the slteleton, as it were, of 
the original limestone formation. As long as the 
limestone has remained intact, the massive chert, 
which overlies it, has protected it to a greater or 
less extent from decomposition. But as soon as the 
dissolving action has set in the residual clay sinks 
down and allows the overlying chert to settle down 
on it. In this way the chert bed is shattered and 
broken, allowing the free percolation of surface 
waters and greatly accelerating the decomposition 
of the limestone. The more carbonate of lime that 
is dissolved from the limestone the more the chert is 
undermined and broken and the faster the remain- 
ing limestone is decayed. 

The decay of the limestone begins at the top of 
the bed, and generally in places where it crops out 
on the sloping sides of ravinea These, being the 
most exposed points, are attacked first, and thence 
the dissolving action spreads back into the hiU and 
under the chert. 

The decay of the Femvale limestone has 
formed subsurface hollows and channels in 
it, and these have at places been widened so 
much that only narrow pinnacles or " horses " 
of the unaltered limestone separate them. 
{See figs. 4 and 5.) Such channels and hollows as well as the pin- 
nacles or " horses " are well displayed in open cuts at the Cummins 
Hollow and Club House mines. Some of the channels are straight 
and represent widened fissures along joints. A few caves and sink- 
holes also have been formed in the limestone. A cave is in it on the 

«» Op. dt, pp. 175-176. 
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W. K. Tate place, 2J miles north of Penters Bluff station; another is 
at the Harvey mine; a third is a blowing cave in Hankins Hollow; a 
fourth is at the Club House mine; and a fifth, known as the Searcy 
Cave, is just east of the Searcy mine. Manganese ore has been dis- 
covered and mined in the caves at the Harvey and Club House mines. 
At many places the whole of the Fernvale limestone has as 
previously stated been decomposed and its residual day in such 
places rests upon the irregular surfaces of the Joachim, Plattin, and 
Kimmswick limestones in which subsurface hollows and channels 
as much as 75 feet deep occur. (See PL XII.) Analyses of dark 
chocolate-brown Fernvale limestone and of its chocolate-brown resi- 
dual clay, samples for which were obtained from a pit on the William 
Martin tract (see description of Hankins Hollow mine on pp. 231- 
233) , were given by Penrose to show the chemical changes in the decay 



, Sfigft tf*Bi entered dsf^*'^ 




FiouBD 5. — Sketch section at Club House mine, showing the occurrence of manganese ore 
in the Cason sUaJe, in the Fernvale limestone, and in residual days that lie in channels 
in the limestones. Cb, Boone chert; Oc, Cason shale; Ot Fernvale limestone; Ok, 
Kimmswick limestone ; Op, Plattin limestone. Black spots and heavy lines at base of 
Cason shale represent manganese ore. 

of the Fernvale limestone.*® These analyses and the chemical changes 
computed by him are as follows: 

ALiMiXyiez of the Fernvale Umeatone and its residual clay and loss of conatituenta 
in the decay of the Umeatone, 

[R. N. Brackett, analyst.] 



Limestone. 



Clay. 



Percentage 
of constitu- 
ents of the 
limestone 
saved in 
the day. 



Percentage 
of constitu- 
ents of the 
limestone 
lost from 
the clay. 



Manganese oxide (Mn804) 

Ferric oxide ( FejOs) 

Alumina (AlaOs) 

Lime(CaO) 

Magnesia (MgO) 

Potash (KjO) 

S6da(NaaO) 

Water (HsO) 

"Carbonic acid (COj) 

Phosphoric acid (raO»)... 
smca(SiOs) 



4.30 

2.33 

4.16 

44.51 

.30 

.35 

.16 

2.25 

33.88 

3.02 

4.10 



14.92 

1.98 

30.18 

3.89 

.26 

.96 

.61 

10.72 

None. 

2.53 

33.55 



42.41 
10.44 
88.65 
1.07 
10.62 
33.63 
46.74 
58.37 

None. 
10.24 

100.00 



57.59 
89.56 
11.35 



66.37 
53.26 
41.63 

100.00 
89.76 

None. 



99.36 



99.60 



*«Op. cit., pp. 179-184. 
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The manganese-bearing clays vary in thickness, owing partly to- 
the irregular surface of the limestones upon which they rest and 
partly to the extent of the decomposition of the limestones. They 
may therefore vary greatly in thickness at one mine. They are 
usually thin where the chert capping has been entirely removed. At 
most places they are only a few feet thick but exceptionally they 
attain a thickness of 80 feet. Abundant outcrops of limestone in an 
ore-bearing area indicate that the ore-bearing clays are in relatively 
small quantities. At such places the clays are confined almost en- 
tirely to subsurface channels and pockets in the limestone. 

The clays are generally red or chocolate-colored but in places are 
yellow. They are usually sticky when wet, and they become friable 
when dry, so that most of the clay that adheres to the masses of 
manganese ore crumbles and falls off the ore before it is shipped. 
Slickensides in the clays are numerous and are described as follows 
by Penrose :*® 

The gradual and irregular sinking of the clay has caused numerous faults 
and joints in the deposit, running in aU directions both in straight and in 
curved lines. The faces of these disturbances are deeply scored, showing 
distinct marks of striation (slickensides) and a bright, highly glossy surface. 
When the clay is red, the slickensides are often of a brilliant crimson color; 
and when it Is brown they are of a very highly polished black or dark-brawn 
color. Sometimes manganese in solution has been carried into these joints 
and has been deposited as a thick black film or sheet. 

Besides manganese ore the clays contain loose undecomposed masses 
of limestone and fragments of chert, which is residual from the 
Kimmswick and Fernvale limestones, and its surficial portions con- 
tain chert fragments that have been derived from the Boone chert 
and chert pebbles that have been derived from the gravel bed of 
Upper Cretaceous or later age which once covered much of the dis- 
trict but which has been almost completely eroded. At the South- 
ern mine and a few other localities the chert is drusy and small 
doubly terminated quartz crystals are associated with it. 

Manganese ores, — The manganese ores of this type are, as pre- 
viously stated, a residue from the weathering of the Fernvale lime- 
stone, having been set free from it by the removal of the inclosing 
calcium carbonate through solution. This source is shown by (1) 
the similarity of the shape of the masses of ore in the clay to those of 
the manganese oxides in the limestone, (2) the occurrence of the same 
manganese oxides in the same relations in both the clay and the 
limestone, and (3) the presence of casts of fossils in some of the ore 
that is in the clay. Some of the masses of fossiliferous chert that 
have been derived from the weathering of the Fernvale limestone 

" Peairose, R. A. F., jr., op. cit., p. 187. 
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have been partly replaced by manganese oxides and the casts of their ' 

fossils are preserved in the ore, but the purity of much of the ore j 

that shows casts of fossils together with the absence of fossiKferous | 

chert at most places indicates that much of the fossil-bearing ore j 

has not replaced fossiliferous chert but fosgiliferous limestone. The i 

chert may have been replaced before it was set free from the limestone I 

or afterward. No evidence bearing on this point was observed. ; 
Penrose says : ^^ 

The distribution of manganese ore in the clay, as would be expected from its 
unequal distribution in the limestone, is irregular and is the principal cause 
of the uncertainty in mining it. In some places, though rarely, it is evenly 
distributed throughout a large body of clay ; but in most places it is in numerous 
pockets surrounded by clay containing no ore. These pockets vary greatly in 
character: Sometimes they are comparatively solid bodies, separated only by 
thin films or seams of clay and containing from 50 to 500 tons or more of 
ore; sometimes they consist of large and small masses of ore embedded to- 
gether in greater or less quantities in certain places in the clay ; at other times 
they are composed of small nodules or grains (called "wash dirt*' or "shot 
ore" by the miners) disseminated throughout the clay. The mass of these 
pockets of " wash dirt " contain from 5 to 25 per cent of manganese ore. Some 
times large areas of clay contain little or no ore, just as large areas of the 
original limestone often hold enough insoluble material to form a clay bed 
yet contain no manganese. 

As the bodies of ore in the original limestone tended in a general way to fol- [ 

low the almost horizontal bedding of the rock and often had an oblong, flat : 

shape, it would be expected that they would retain something of that shape in 
the residual clay. In most cases, however, the horizontal position has been 
considerably disturbed by the unequal decay of the limestone, and the flat 
bodies of ore have been broken into angular fragments, or crushed together in 
a shapeless, shattered mass. Sometimes the fragments of ore have been sep- 
arated in the unequal sinking of the clay and have been carried to different * 
depths. Where the ore originally existed in the limestone as s^arate nodules ! 
the same agencies have tended to scatter them, thus still further dividing the 1 
deposits as they originally existed in the limestone. This action has undoubt- J 
edly, in many places, caused a more general distribution of manganese in the 
clay than was the case in the St. Clair [Fernvale] limestone. Of course the ; 
aggregate amount of ore has not been increased, but the original pockets have 
been broken up and separated. | 

In some places, however, where the decaying limestone has retained a com- « 

paratively even surface, the pockets of ore preserve their general horizontal J 

position. Such is the case at the Southern mine, near Cushman, where, though ; 

the ore bodies sometimes pitch at high angles, a characteristic mode of occur- 
rence is as almost horizontal pockets, gently undulating and of variable thick- \ 
Hess. , ; 

It is also a noteworthy fact that, where the surface of the St. Clair [Fernvale] ' 

limestone has been worn into the domes and peaks, * * * the clay and its ! 

accompanying ore have a distinct dip, pitching away from such protuberances \ 

on all sides. This feature is a natural consequence of the sinking of a soft, i 

plastic clay on an uneven surface, and the knowledge of it will prove of value f 

In the practical mining of the ore. When a body of ore is found in the clay « 

_ > 

■0 Penrose, R. A. P., jr., oik clt., pp. 184-186. \ 
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at or near the surface of 4>ne of these limestone peaks its dip will be found 
to conform more or less closely to the angle of slope of the surface of the lime- 
stone. 

The manganese ores consist mainly of the hard oxides, psilomelane, 
hausmannite, and braunite, with braunite in the least quantity, and 
of the soft oxide, wad. The hard oxides occur mostly as irregular 
masses but partly as slabs and nodules, and their masses range in 
size from fine particles to boulders that weigh as much as 22 tons or 
more, though boulders so large are rare. (See PI. IX, B.) The 
wad occurs as irregular bodies of large and small size and as lenses 
and beds, and masses of hard oxides are distributed through many 
of them, igome deposits contain two or even three different grades 
of ore. The larger masses generally contain a higher percentage of 
manganese and a lower percentage of iron than the finer particles. 
This means that the lump ore is, as a rule, higher in grade than the 
wash ore. The first-grade ore at some of the mines is hard and com- 
pact and contains 50 per cent or more of manganese ; the second grade 
is porous, light, and soft, though firm, and contains 30 to 85 per 
cent of manganese ; and the lowest or third grade is light, earthy, and 
soft and contains 20 to 25 per cent of manganese. At some places 
there is as much of the second grade as of the first grade and twice 
as much of the third grade as of the other two grades combined. The 
character and relative proportions of the several grades of ore, how- 
ever, differ in different deposits. 

Much ore of the highest grade produced in the district — ^that with 
55 per cent or more of manganese — ^has been obtained from areas 
(called "roughs") over which outcropping boulders and ledges of 
the Joachim and Plattin limestones abound, but in such areas the 
manganese-bearing clays are in comparatively small quantity. Such 
ore is farther from its source than most of the ore in the i:egion, and 
the chert covering has been entirely removed from above the ore- 
bearing clays. In consequence of this the ore has been more easily 
attacked by weathering than most of the ores and has lost its more 
porous soft parts either by erosion or solution or both processes, 
so that only the hardest and most compact parts remain. Some of 
the occurrences of these high-grade ores are at the Denison, Hankins 
Hollow, Cummins Hollow, Johnson Hill, Euminer Rough, Manga- 
nese Field, Barksdale, Sand Field, and Earl Collie mines. Analyses 
of this grade of ore are given on page 83. 

The cappvng of the deposits. — ^The clays containing this type of 
deposits are capped at many places by the Cason shale, by the Boone 
chert, and by gravels and sand. 

Where the Cason shale is present its shaly parts and the phos- 
phatic sandstone that it contains in much of the western part of the 
district have been broken up during the decomposition of the Fem- 
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vale limestone, and as stated by Penrose,*'^ they have in places " been. 

disintegrated into a more or less sandy clay and mixed with the 

other residue from the limestone; in other places they have not as. * 

yet been entirely decomposed and are associated with the clay a& 

soft, earthy, honeycombed, and partly disintegrated masses com- \ 

monly known as ocher." Although this weathered shale overlies- 

the manganese-bearing clays at places it is in turn generally over- ; 

lain by the Boone chert, but this chert in most of the eastern part of 

the Batesville district rests directly upon the manganese-bearing 

clays, the Cason shale being absent there except in small areas. 

The Boone chert and the weathered Cason shale overlie the man- 
ganese-bearing clays'* at many places not only where the Fernvale 
limestone has been partly or entirely decomposed but at many places- 
where the Kimmswick limestone has been completely decayed, and 
even at places where a part or all of the Plattin limestone has been 
decayed. They have therefore at many places settled far below their 
original position. (See figs. 4 and 5 and PI. XII.) 

This persistence of the chert as a capping material is due to its re- 
sistant nature as compared with that of the limestones, which are' 
more easily attacked by ground waters than is the chert. Concern- 
ing the thickness of the chert capping Penrose says i'^^ 

The thickness of the chert formation in the manganese region, where it ifi^ 
seen unaffected by weathering, varies from 125 to over 200 feet ; but where the 
St. Clair [Femvale] limestone has completely decayed and the chert has beea 
let down upon the residual clay, it never has even the lesser thickness and usually 
does not exceed 30 to 60 feet. Sometimes the chert has been locally turned on 
end in the subsistence that it has undergone, and in sinking shafts in such 
places it has occasionally been found necessary to go down over 60 feet before- 
reaching ore-bearing clay. This depth, however, does not represent the actual 
thickness of the chert bed, as the shaft is not sunk at right angles to the strati- 
fication, but obliquely to it, and therefore the thickness is exaggerated. Possibly \ 
not 50 feet from such a place the chert may be more nearly horizontal, and I 
another shaft may pierce less than half this thickness of the rock before 
reaching the clay. Such occurrences are common at the Southern mine, where 
the thickness of the chert capping, as estimated by shafts, varies from less than 
10 to over 60 feet. ! 

The amount of the settling of the chert is equal to the thickness of ! 

the limestones that have been removed minus the thickness of the i 

residual clays that separate the chert from the undecomposed lime- 
stones. The lowest limestone upon which chert-covered clays rest 
is the Joachim limestone. The thicknesses of the Plattin, Kimms- 
wick, and Fernvale limestones, parts or all of which have been re- 
moved, are not uniform, so that it is necessary to determine the thick- j 
ness of these limestones at or near each locality to be considered. : 

•1 Penrose, R. A. F., jr., op. cit., p. 175. • 

M Idem, pp. 191-192. j 
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Even then the amount of settling can only be roughly approximated 
at most localities. Beds of the Boone chert have settled 75 feet or 
more at places at the Club House mine, at least 150 feet at the Polk 
Southard and Turner mines, and at least 250 feet at the Lassiter 
mine, but at no place have they probably settled more than 300 feet. 
During the settling of the beds they have been shattered, faulted, 
and bent, so as to conform with the irregular surface of the under- 
lying limestones, and they now dip at angles which range from a 




FionsB 6. — ^The Gnibb cut. The rock in the center is a pinnacle of Fernvale limestone. 
The manganese-bearing clay surrounds the pinnacle and occupies the foreground. The 
clay is overlain by the bent, shattered layers of the Boone chert that dip away from 
the pinnacle. (After Penrose.) 

few degrees to 60°. (See figs. 6 and 20.) These displaced masses of 
chert are known by the miners as " flint bars." 

Surficial beds, composed of well-rounded chert pebbles and quartz 
sand, not only overlie the ore-bearing clays at some places but they 
actually occur as lenses and irregular masses in the clays at a few 
places, as at the W. T. Gray mine. These lenses and masses are 
known as sand bars and gravel bars and were probably formed in 
underground channels in limestones that have since decomposed, 
leaving their residual clays in which the gravels and sand are now 
found. The sand and gravels have been derived from beds of Upper 
Oretaceous or later age, which once covered much, if not all, of the 
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Bates ville district, and which have since been almost .completely \ 

woded. Much of the sand and gravel has settled or has been carried \ 

by streams below its original level. ! 

REPLACEMENT DEPOSITS IN CLAYS. 

Manganese deposits formed in clays by replacement of the clays 
by manganese minerals introduced by ground waters are not numer- 
ous and their aggregate tonnage is not great, though in some depos- 
its there are probably 10,000 tons or more of ore. The original 
source of the manganese in such deposits was probably the Cason 
shale or the Fernvale limestone, but at all localities where this type 
of. deposits occurs these formations have been completely decom- 
posed, and if any residue remains it is clay. 

The clays in which these deposits occur contain more or less sand 
and chert pebbles and fragments, and as some of the clay inclosing 
them has been replaced by manganese ore, these materials are pres- 
ent in much of the ore. Furthermore, the replacement of much of the 
clay has not been complete, and irregular areas of clay are included 
in parts of the ore. The ores are low-grade ferruginous manganese 
ores, the manganese content usually being 35 per cent or less and 
the iron, silica, and alumina contents high. They occur in large ir- 
regular masses and as veins several feet in their longest dimension ! 
and in small masses many of which are nodular or botryoidal and 
have smooth surfaces. The larger masses at most places are com- 
posed mainly of a ^oft, earthy, compact black wad but partly of 
psilomelane, manganite, and iron oxide, and are cut by many joints, i 
whose faces are black and show deeply striated slickensides. The ! 
smaller masses contain a larger proportion of psilomelane and man- 
ganite. The deposits of this type examined by the writer include 
those at the McGee, Hawkins, Chapel Hill, Montgomery Hill, and 
Roach mines and at the Cochran, Eliza Patterson, E. W. Roach, Jeff 
Weaver, and Pool prospects. 

TRANSPORTED DEPOSITS IN STREAM GRAVELS. 

Some of the hard, compact masses of manganese oxides that have 
been set free by the decomposition of the Fernvale limestone and 
Cason shale have been transported by streams and have been laid 
down in gravel beds. Deposits that have been formed in this way 
occur in the beds of wet- weather streams that drain hollows on whose 
hill slopes the manganese-bearing clays and loams are exposed at the 
surface or they occur in alluvial cones at the mouths of such hollows. 
One deposit — that at the Sand Field prospect — is on a terrace stand- 
ing about 100 feet above East Lafferty Creek, but the terrace is per- 
1045W— 22 6 
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haps a remnant of an old alluvial cone. Such deposits that have 
been worked have been formed by small streams, and the ore in them 
has not been transported far from its sources, but much ore from the 
same sources has doubtless found its way into the larger streams and 
has been carried out of the district. The reason why no workable 
deposits occur in alluvial material along the larger streams is ihat 
most of the areas drained by them contain little or no manganese 
ores, whereas the small streams drain areas that contain ores in com- 
paratively large quantities. At some localities where most of the 
ore-bearing clays have been removed more ore has been found in 
stream wash than elsewhere. 

The best example of a manganese-bearing alluvial cone is at the 
Pittman mine at the mouth of Cummins Hollow ; another fairly good 
example is at the mouth of Hankins Hollow. Manganese ores have 
been mined from the beds of small streams in hollows at the Hankins 
Hollow, Cummins Hollow, Johnson Hill, Pugh, Adler Hollow, Earl 
Collie, and McConnell mines, and at the O'Gilsby and Rudolph 
prospects. 

The manganese ore consists of hard, compact masses, which have 
been partly rounded by abrasion and which range in size from fine 
pebbles to cobbles weighing 30 pounds, though at the Sand Field 
prospect the occurrence of boulders weighing 1,000 pounds is re- 
ported. (See PI. VII, B.) The Pittman mine, at the mouth of Cum- 
mins Hollow, has produced 200 tons of ore, which exceeds the output 
of any other deposit of this type. The marketed ore there as well as 
that at the other places here named consisted of high-grade lump ore. 
The wash ore, which includes the finer pebbles, is usually a ferrugi- 
nous manganese ore. The high percentage of iron is due to the occur- 
rence of small pebbles of iron oxides mixed with those of manganese 
oxides. 

OTHER OOCnRREKCES OF MAKGANESE MINERALS. 

Manganese minerals occur in small quantity in the Boone chert, 
in the St. Joe limestone member of the Boone chert, and in the 
St. Clair limestone. 

The most important occurrence of manganese in the St. Clair 
limestone is at the Cason mine. There the unweathered, pebble-like 
masses {Girvanella) that are in the lowermost beds contain a mixed 
carbonate composed of calcium, iron, and manganese carbonates. 
According to the analysis on page 137, these masses contain 5.94 per 
cent of manganese, whereas the unaltered limestone inclosing them 
contains only 1.62 per cent of manganese, which also is probably in 
the form of a carbonate. In the weathered parts of the limestone the 
Girvanella have been oxidized and replaced by manganese and iron 
oxides (see PI. VIII, ^), and there are also thin films and dendrites 
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of manganese oxide. Yellow and brown clays that fill some crevices 
in the lowermost beds contain concretions the size of buckshot of 
manganiferous iron oxide, and in the west part of the mine a red 
clay that is residual from the St. Clair limestone contained a mass of 
manganese oxides a few inches in diameter. The occurrence of this 
mass beside a boulder of limestone in place suggests that the lime- 
stone is the source of the manganese. 

The St. Joe limestone member of the Boone chert at the Alex 
Jti'ults prospect contains psilomelane, which is disseminated through 
parts of it as minute irregular-shaped particles and as larger masses 
some of which are a few inches in their longest dimension. This 
limestone, at the C. L. Sanders prospect, contains a lenticular mass 
of manganese oxide a few inches thick, which extends upward into 
it from the weathered Cason shale. This limestone is present on 
the western edge of the Batesville district in places only but is not 
differentiated from the Boone chert on the geologic map (PI. I). 

The occurrence of manganese in the Boone chert, which overlies 
the ore-bearing clays at most localities, is described as follows by 
Penrose : *' 

Wherever the chert overlies or is mixed with the manganese-bearing clay it 
is almost always more or less stained with manganese, which usually occurs 
as a thin layer, coating the loose fragments or permeating the cracks of the 
rock. Such layers are often so numerous that the chert presents a network 
of intersecting black Unes. An examination of the chert formation where it 
is solid and overlies the undecomposed limestone shows that it is free from 
this stain, but wherever it is broken and overlies the ore-bearing clay it invaria- 
bly contains more or less black discoloration. It seems more than likely, there- 
fore, that this manganese did not originally belong in the chert formation but 
that it was brought there. It was probably derived in solution from the under- 
lying ore deposit by capUlary action and deposited in crevices of the broken 
chert. The existence of such crevices would greatly faciUtate capillary action, 
and it is a noticeable fact that the amount of manganese in the chert increases 
as the contact with the clay is approached. 

In many fragments of chert the manganese solutions have permeated the en- 
tire mass and have changed parts of it into an opaque, black material. These 
permeations seem to foUow the most pervious portions and run into them in 
the form of ** stringers" or irregular masses. Subsequent disintegration has 
often removed the part that was not impregnated, leaving masses of a highly 
siliceous manganese ore of a stalactitic, botryoidal, or mammillary form. 

EOBMS OF THE OBES. 

The manganese ores occur in several physical forms, two or more 
of which may be represented at a single mine. Brief descriptions of 
these forms follow : 

Shapeless porous to compact masses which have rough surfaces. These 
range in size from minute particles to boulders that weigh many tons. This is 
the most common form. (See PI. IX, B.) 

** Penrose, R. A. F., Jr.,. Manganese — its uses, ores, and deposits : Arkansas Geol. Sur- 
vey Ann. Rept. for 1800, vol. 1, pp. 196-197, 1891. 
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Tabular masses or slabs. They range in weight from a fraction of a pound 
to several tons, and hi size from small thin plates to slabs 2 to 5 feet thick, 
4 to 10 feet wide, and 20 feet long. 

Nodular or kidney ore and smooth botryoldal masses. This form is most 
abundant in deposits that have been formed in clays by the replacement of the 
clays by manganese oxides. 

Breccia ore, composed mainly of chert fragments but partly of chert pebbles 
cemented together by manganese oxide. This form is usually confined to the 
deposits that have been formed in clays by the replacement of the clays by 
manganese oxides. 

Flattened pebble-like masses called "buttons," about 1 inch in their longest 
diameter. These are confined to the Oason shale and its residual clays as at 
the Cason and Montgomery mines. (See Pis. X, A and B, and XI.) 

Lenses and ledges parallel with the bedding of the inclosed rocks. Where 
they occur in residual clays they or their fragments lie more or less parallel 
with the bedding of the rocks, which is preserved in the clays at some places. 
<See fig. 3, p. 58.) 

Fossil ore. Although Qirnanella ("buttons") are common in the manganese 
ores and the casts of other fossils are found at a few places, well-preserved 
specimens of other fossils that have been replaced by manganese ore are rare. 
Fossil gastropods, brachlopods, and cephalopods thus replaced have been found 
at the Montgomery mine. A photograph of some of them is given in Plate 
VII, A, 

The names used by the minei's to designate the several physical 
forms of the ores are as follows : 

" Lump ore," " nugget ore," " boulder ore." These terms are applied to 
masses of ore that are large enough to be separated from the clay by liand 
picking. " Lump ore " is the most common of these terms. 

" Wash dirt." This means ore-bearing clay whose particles of ore are too 
small to be hand picked. 

" Wash ore." This term is applied to the smaller masses or particles of ore 
that require washing to separate them from the ore-bearing clay. 

"Shot ore." This means small fragments or nodules of ore the size of 
mustard seed or a little larger. 

"Button ore." Such ore consists of flattened pebble-like masses about 1 
inch in their longest diameter, like those at the Oason and Montgomery mines 
and at the Button prospect. 

" Branch ore." This means both large and small masses of ore that are 
mixed with sand and pebbles in the beds of smaU streams. 

OUTCBOPS OF THE DEPOSITS. 

The manganese ore itself, regardless of the type of deposit to 
which it may belong, is exposed at most places where it is present. 
The exposures generally consist of fine particles and large masses 
of ore lying loose on the hill slopes and in the beds of small streams, 
and the quality of such ore is usually the same as that below the 
surface. At places where the ore is not exposed its presence may be 
indicated by exposures of reddish-brown or chocolate-colored clays 
and by the occurrence of manganese and iron stains in and on chert 
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that overlies the ore-bearing clay. At a few places only the iron 
oxides with which the manganese ores are associated are revealed on 
the surface. 

The brown loamy soil that overlies the manganese-bearing clays is 
usually very fertile where it does not contain too many chert frag- 
ments, and it supports a good growth of white oak, hickory, walnut, 
and other hardwoods. 

BELATIONS OF THE DEPOSITS TO BOCK STBUCTXTBE. 

Although most of the manganese deposits bear no definite relation 
to the structure of the rock formations, several of them, including a 
few of the largest deposits in the district, occur in synclines. Per- 
haps future studies, aided by better topographic maps than the pres- 
ent Batesville map used in the field by the writer, will show that 
many more of the deposits bear certain relations to the rock structure. 

The Southern, Grubb Cut, Rogers, Wren, Polk Southard, Turner, 
and Blue Ridge mines are in a single syncline; the Barksdale, Eu- 
miner Rough, Manganese Field, Sand Field, and Earl Collie mines 
are in a single syncline ; the W. T. Gray mine is in a syncline ; and 
the Cason mine is in a syncline. All these synclines are shallow, and 
except the one at the Cason mine they all trend easterly ; the syncline 
at that mine trends northwesterly. These are only a few of the mines 
of the district; but the fact that the, aggregate production of both 
high-grade and low-grade ores from the mines that are in synclines 
is more than twice the combined production from all the other mines 
and prospects has led the writer to believe that the occurrence of 
large deposits in synclines is not accidental but that the synclines. 
have been favorable places for the accumulation of the ores. 

How and when the ores were accumulated in these synclines are 
undetermined questions, though some facts are known that may aid 
in their solution. The ore deposits at the mines mentioned above are 
in the Cason shale or they are residual from the weathering of this 
shale and the Fernvale limestone, especially the topmost beds of the 
limestone. Part of the accumulation of these deposits has doubtless 
taken place in comparatively recent times by the diversion of man- 
ganese-bearing solutions toward the bottoms of the synclines be- 
fore the present valleys of the district were carved by erosion. But 
most of the accumulation was probably effected before the materials, 
that formed the Boone chert of Carboniferous age were laid down. 

The deposit at the Cason mine is in the Cason shale, and the areal 
extent of both the deposit and the shale are practically the same, so 
that the presence of the Cason shale at this locality certainly has 
determined the occurrence and size of the ore body. The m^ateriais 
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that form this shale were either laid down in a small embaymenl 
of the sea or eroded from the adjoining areas before the St. Clair 
limestone above the Cason shale was laid down. 

The other deposits here mentioned were derived from the weather- 
ing of the Fernvale limestone. The Cason shale, apparently the 
original source of the manganese, overlies this limestone at some 
of these localities and at others it has been almost completely eroded 
during the carving of the present valleys of the district. During the 
transfer of the manganese from the Cason shale to the Fernvale 
limestone the manganese-bearing solutions were perhaps diverted 
toward the synclines. That this transfer of much of the manganese 
of the district from the shale to the limestone took place before the 
deposition of the materials forming the Boone chert seems to be 
proved by the occurrence of manganese ores in the Fernvale lime- 
stone and its residual clays in parts of the district from which the 
Cason shale was eroded before the Boone chert was deposited. It 
is not certainly known that the synclines containing the deposits 
here mentioned existed at that time, but as the one at the Cason 
mine was then in existence it seems plausible that others had already 
been formed. Further flexing of the rocks in these folds has, how- 
ever, taken place later. The accumulation of the ores is more fully 
treated under the heading "Origin of the ores" (pp. 75-81.) 

DELATIONS OF THE DEPOSITS TO STTaFACB FEATITBES. 

The manganese ores occur at all elevations from the base of the 
hills to their crests or from about 300 to about 800 feet above sea 
level, and although much of the ore, which consists of oxides, has 
settled by gravity or has been carried by streams to its present posi- 
tion most of it remains at or near the level where the oxides were 
formed. With a few exceptions, of which the most notable is at the 
Cason mine, the ores occur in the residual clays of the Cason shale 
and of the Fernvale and lower limestones. If the Cason shale and 
the Fernvale limestone, which are the sources of the ore, contained 
originally more or less manganese at most localities in the district, 
it follows that the greater the quantity of the clays they yielded 
through weathering the more numerous and the larger would be the 
manganese deposits. This is true at many places, although most of 
their clays as well as most of the ore they originally contained have 
been eroded from the region. The greatest quantities of ore-bearing 
clays that are still preserved in the district are on and near the 
summits of even-crested hills, many of which mark the approximate 
elevation of a former though now dissected peneplain of Upper Cre- 
taceous or Tertiary age. 
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OBIGIN OF THE OBES. 
PREVIOUS VIEWS. 

The views of the origin of the manganese ores of the Batesville 
district are not numerous. They are briefly outlined in the following 
paragraphs : 

Owen,^* the first geologist to describe the ores, described them as 
occurring in veins in the " cavernous sub-Carboniferous limestones," 
but he said nothing concerning the source of the manganese. 

Penrose,*^^ who made a detailed examination of the deposits about 
30 years ago, concluded that the manganese was derived from the 
pre-Cambrian rocks of the St. Francis Mountains region of Missouri 
and that it was carried southward from this region by surface waters 
and laid down either in shallow sea water near shore or in coastal la- 
goons and swamps contemporaneously with th^ calcareous and detrital 
material that formed the Femvale limestone and Cason shale. He, 
however, did not distinguish the Femvale limestone and Cason shale 
as separate formations but included them in his St. Clair limestone, 
which has since been divided by H. S. Williams and E. O. Ulrich into 
the Kimmswick limestone, Fernvale limestone, Cason shale, and St 
Clair limestone, the oldest being named first and the youngest last. 
The name St. Clair as now used is thus restricted to the beds above 
the Cason shale. Penrose held the opinion that the manganese was 
probably deposited as a carbonate or possibly an oxide. The present 
ore deposits in the clays are stated by him to have been derived from 
his so-called St. Clair limestone by its recent decay and by the re- 
moval of ^ its more soluble parts, thus setting free the masses of ore. 
He concluded that the original form of the manganese in the rocks 
was, as previously stated, probably that of a carbonate and that the 
manganese was subsequently oxidized into its present condition, 
although at the time of his investigation no definite proof of this 
was available either in the rock exposures or in the mines and pros- 
pects. He furthermore expressed the opinion that " this oxidation 
may be only superficial, and below the water level of the country the 
ore may still retain its carbonate form." '^^ 

Van Ingen '^ visited the region in 1896 and in his description of 
the Cason mine says : 

The manganese seems to be here in the original form in which It was accumu- 
lated, inclosed in a mud or clay that was probably the residual soil resulting 

M Owen, D. D., First report of a geological reconnaissance of tbe northern counties of 
Arkansas, pp>. S&, 136» 1868. 

» Penrose, R. A. P., Jr., op. dt., pp. 156 et seq. 

w Idem, p. 167. 

^ Van Ingen, Gilbert, The Silnric fauna near Batesville, Ark., I : School of Mines 
Quart., vol. 22, pp. 824-325, 1901 ; Columbia Univ. Geol. Dept. Contr., vol. 9, No. 76, pp. 
824-325, 1901. 
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from the subaerial erosion of the Ordovicic limestone. Such erosion took 
place during a portion of late Ordovicic and early Siluric time, when the Ordo- 
vicic limestones already deposited had been elevated above sea level. * * * 
The manganese ore found in place in the Cason shale at the Cason mine proved 
to be nonmarketable because of its high percentage of contained phosphorus, 
which fact caused the abandonment of the workings there. " The marketable 
ore, on the other hand, seems to be in all cases restricted to the recrystallized 
ore, which after erosion has been accumulated in the lower portions of the 
residual clay that fills depressions in the eroded Ordovicic limestone. Residual 
clays filling depressions In the Siluric [St. Clair] limestone alone were, on the 
other hand, found to be lacking in manganese ore. It is only when the erosion 
has been so long continued as to have formed hollows below the level of the 
Cason shale and the drainage has been of such nature as to permit of little 
transportation of the eroded material that the marketable nonphosphorus-bear- 
ing ore is found recrystallized and forming large irregular masses in the resid- 
ual clay. * * * It is the author's opinion that the [Cason] shale waa 
formed during a period of terrestrial conditions, but whether the place of depo- 
sition was upon land, in fresh water, or in seacoast swamps or deltas, can not 
at present be determined. 

Harder visited several of the mines in 1908 in connection with his 
investigation of the important manganese districts of the United 
States. He agreed with Penrose as far as the original source of the 
manganese and the accompanying sediments is concerned.^® He 
did not, however, accept Penrose's idea that most of the ores as 
they now occur were derived from the decomposition of limestone 
beds, but he thought they were derived directly from the Cason 
shale. He concluded that the manganese was deposited in the oxide 
form in the Cason shale and that it was reconcentrated " during two 
subsequent land stages — first, duringHhe late Silurian and Devonian 
partial emergence, and second, during the post-Paleozoic erosion 
of the Boone chert. " ®® He held the view that the reconcentration 
during the first period took place on shallow areas or even land 
masses that separated deep embayments of the sea in which the Si. 
Clair limestone was laid down. Concerning the second period of 
reconcentration, he says : °^ " Erosion has resulted in a concentration, 
partly mechanical and partly chemical, of the ores in the ore-bearing 
layer [Cason shale] and in the residual clays on the hill slopes below 
it." 

Woodbridge,®^ who spent several weeks in the Batesville district 
in 1918, says : " Throughout the greater portion of that part of the 
district of economic value ^the Cason shale and the Fernvale lime have 

u This mine, as stated elsewhere in this report, has been worked in recent years, although 
the ore is of low grade. — H. D. M. 

» Harder, B. C, Manganese deposits of the United States with sections on foreign 
deposits, chemistry, and uses : U. S. Geol. Survey Bull. 427, pp. 117-118, 1910. 

•• Idem, p. 118. 

*> Woodbrldge, D. E., The Arkansas manganese field : Eng. and Min. Jour., vol. 106, Na 
^6, pp. 669-^70, October 12, 1918. 
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decayed into a series of siliceous clays, and in these clayst i^ the man- 
ganese that has been freed from those rocks and left as a minable* 
residuum." 

RE8tn:;rs of present investigation. 

The present investigation has yielded considerable material that 
be^ars on the origin of the manganese deposits of the Batesville dis- 
trict. The conclusions of the present writer are based not only upon, 
the information obtained by him but also upon the result^ obtainedi 
by other geologists who have worked in this and other manganese- 
ore districts in the United States. They differ in some features from< 
the earlier views and are presented in the following paragraphs: 

The Cason shale was probably the local source of all the manga- 
nese, although most of the present ores have been derived directly 
from the weathering of the upper part of the Fernvafe limestone 
The reasons for this assumption are (1) the widespread occurrence 
of manganese ores in the Cason shale, (2) the almost complete ab- 
sence of manganese minerals in rocks that overlie this shale, and (3) 
the presence of an unconformity at the base of the shale. This shale- 
was an initial deposit on an old land surface, and the conclusion that 
considerable manganese was concentrated in such a deposit accords; 
with the conclusion of G. W. Stose regarding the origin of much of 
the manganese ores of Tennessee and Virginia. 

The manganese that was deposited with the sediments forming the 
Cason shale was, as stated by Penrose and Harder, perhaps brought 
from a land mass of pre-Cambrian igneous rocks in the St. Francis, 
Mountains region, whose southern border is 85 to SO miles north- 
northeast of Cushman, Ark. That these rocks contain manganese 
is shown by a number of analyses ^^ of them, by the occurrence of 
piedmontite (a manganese-bearing epidote) in the granite porphy-. 
ries,** and by the occurrence of manganese ores in them.®* The man-, 
ganese ore at a deposit on Cuthbertson Mountain, near Arcadia, Mo., 
which was examined in 1918 by the present writer, appears to have 
been formed in a quartz porphyry, although it now occurs in resid- 
ual clays associated with masses of the unaltered rock. Cambrian 
and Ordovician limestones were also doubtless exposed on the land 
area from which the manganese is supposed to have been derived,^ 

but the few analyses®*^ that have been made of them indicate that 

" ■ ■ ■ ■ — ■ ■ ■ ■ ■' '•'• " •• ... ■ ■ I V. 

M Winslow, Arthur, Lead and zinc deposits : Missouri Geol. Survey, vol. 7, p. 479, 1894. 
Hav^ortli, Erasmus, The crystalline rocks of Missouri : Missouri Geol. Survey, vol. 8, pp. 
140, 181, 213, 1895. Washington, H. S., Chemical analyses of igneous rocks : U. S. Geal. 
Survey Prof. Paper 99, pp. 533, 871. 1917. 

« Haworth, Erasmus, op. cit., pp. 190^192. 

•* Pumpclly, Raphael, Preliminary report on the iron ores and coal fields : Missouri Geol. . 
Survey, pp. 20-26, 1873. Nason, F. L., A report oa the iron ores of Missouri : Missouri 
Geol. Survey, vol. 2, pp. 20, 94, 95, 1892. 

«» Winslow, Arthur, op. cit., p. 480. 
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*s a rule they contain a much smaller percentage of manganese than 
the igneous rocks. 

Geologists generally believe that the former land area in the St. 
Francis Mountains region on which the manganese became concen- 
trated in residual material existed while the calcareous materials 
tliat later formed the Joachim, Plattin, Kimmswick, and Femvale 
limestones were being deposited. These limestones were formed over 
extensive areas in southeastern Missouri and southern Illinois, which 
are in the eastern part of the Ozark region, and in northern Arkan- 
sas, which is in the southern part of the Ozark region. This land 
area supplied very little detrital material to the sea while these lime- 
rstones were being laid down, and for this reason rocks on it must 
have undergone considerable decomposition, so that it became cov- 
ered by a heavy mantle of residual material, in which manganese 
minerals were present. A period of erosion followed the deposition 
•of the Femvale limestone, so that a mantle of residual material 
was formed on the surface of this limestone, as well. The eastern 
and southern parts of the Ozark region were later submerged, and 
the residual material that had gathered on the St. Francis Moun- 
tains land mass and on the Femvale limestone was swept into the 
isea and laid down on the uneven surface of the Femvale limestone 
and on lower limestones where the Femvale had been removed. This 
material formed the Cason shale. 

It is necessary to assume that conditions in the Batesville district 
were more favorable for the deposition of manganese than else- 
where in the Ozark region.* The Cason shale is widespread, occur- 
ring at places in Arkansas as far west as Jasper, Newton County, 
and the Maquoketa shale, at least in part the equivalent of the Cason 
shale, occurs in southeastern Missouri and southern Illinois. Yet the 
only manganese deposits of ccftnmercial importance in this entire 
region are those of the Batesville district, which occur in the Cason 
•shale or have been derived from it, and those in the St. Francis 
Mountains, which are in igneous rocks or in clays that overlie Cam- 
brian limestones near the igneous masses. The conglomerittic char- 
acter of the Cason shale and the occurrence of a shallow-water fauna 
in it indicates that it was deposited in shallow water. This con- 
clusion agrees with that drawn by Purdue ** from his study of phos- 
phate deposits that also occur in the Cason shale. The manganese 
in the Cason shale was perhaps deposited in coastal lagoons where 
the manganese-bearing waters that flowed from the St. Francis 
Mountains land mass would have stood exposed to the evaporating 
action of the atmosphere. This view was first proposed by Penrose ®^ 

^ Purdue, A. H., Developed phosphate deposits of northern Arkansas : U. S. Geol'. Survey 
Bull. 315, pp. 471-472, 1907. 

« Penrose, R. A. F., Jr., op. clt. pp. 690-691. 
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and the same riew was proposed by Dale *^ to explain the origin of 
manganese deposits in Newfoundland, which resemble closely the 
deposit at the Cason mine. 

The manganese was probably deposited in the Cason shale as a 
<2arbonate. The best evid^ice for this belief is found at the Cason 
jnine, where a manganese-bearing calcite occurs in the parts of the 
rshale that have been least affected by weathering. This calcite, as 
indicated by analyses on page 140, is present not only in the fossil 
girvanellas but also in the shaly matrix that incloses them. This 
occurrence is fully described under the heading "Cason mine," on 
pages 139-142. 

After the deposition of the Cason shale the materials that formed the 
Brassfield, St. Clair, and Lafferty limestones of Silurian age, the Pen- 
ters chert and the Chattanooga shale of Devonian age, and the Boone 
-chert and other formations of Carboniferous age were laid down. 
Most of these formations are separated by unconformities, showing 
that deposition was interrupted by periods of emergence and erosion, 
'and that during those periods some of the formations named above 
were partly or entirely eroded from large or small areas in the Bates* 
-ville district. 

During one or more of the periods of erosion prior to the deposi- 
tion of the Boone ch^ of Carboniferous age much of the manganese 
was transferred from the Cason shale to the upper part of the Fern- 
vale limestone, where it was apparently deposited as a carbonate 
replacing the limestone. This is shown by the occurrence of manga- 
nese ores in the limestone and its residual clays at many places 
from which the Cason shale had been removed by erosion before 
the Carboniferous period and is also shown by the occurrence in this 
part of the limestone of manganese-bearing calcite from which it is 
i)elieved that the present manganese oxides in the limestone and its 
residual clays were derived. During this transfer the manganese was 
perhaps concentrated into bodies of large and small size, for the 
irregular distribution of the present ore bodies shows that it could 
not have been uniformly distributed through the limestone. 

Erosion reduced the region to a peneplain during the Cretaceous 
or the Tertiary period, and although this peneplain has been for the 
most part destroyed its approximate elevation is marked by many 
^ven-crested hills of the manganese-bearing region. The decay of 
the Fernvale limestone and of the Cason shale and the formation 
of much of the manganese-bearing clays, as well as the oxidation and 
■A large part of the reconcentration of the manganese minerals in the 
Fernvale and in the Cason, the writer believes took place during or 

«• Dale, N. C. The Cambrian manganese deposits of Conception and Trinity bays, New- 
foundland : Am. Ftiilos. Sac Proc, vol. 54, p. 442, 1915. 
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soon after the period in which the above-mentioned 'pttoeplain was 
produced, although these processes have operated to some extent 
down to the present time. 

The hypothesis that conditions are especially favorable for the 
decay of rocks and the concentration of manganese minerals in a 
region of low relief, such as that occurring on a peneplain, was first 
proposed by Hewett ^^ in his description of several manganese mines 
in Virginia and Maryland, and it has been accepted and applied by 
other geologists/® 

The manganese carbonate was probably not changed to the oxide 
until the last period of reconcentration, for the relations of the 
oxides to the manganese-bearing carbonate in the Cason shale at the 
Cason mine and in the Fernvale limestone at the Harvey mine, at 
one of the Pittman mines, and at the W. A. Chinn cut indicate that 
the oxidation of the carbonate is only superficial. Synclines, as 
pointed out on pages 73-74, have been favorable places for the 
accumulation of manganese minerals. The bedding planes and the 
upper surface of the Fernvale limestone have perhaps guided the 
manganese solutions laterally from the sides of the synclines into 
their lower parts. This limestone, as previously stated, was exposed 
on an old land area before the mud and other materials that later 
formed the Cason shale were deposited, and the porosity of its upper 
exposed part was perhaps increased by weathering at that time. 
Such an increase in porosity, if it took place, may also have facili- 
tated the circulation of the manganese solutions toward the synclines 
and may have favored the more general occurrence of the man- 
ganese ores in the upper part of the limestone than in its lower 
part. 

Very little, if any, of the manganese-bearing carbonate or the 
oxides was deposited in fissures in the Fernvale limestone and Cason 
shale; they replaced parts of these formations, including beds of 
limestone, shale, and sandstone. The fossil girvanellas. which are 
very numerous in the Cason shale at a few places, were especially 
subject to replacement by manganese oxides and at places by iron 
oxides. All stages of their replacement by manganese oxides are 
displayed at the Cason mine. 

Most of the masses of ore that are now in clay have been set free 
by decay from the Fernvale limestone and Cason shale. Such masses 

^ Hewett, D. F., Some manganese mines In Virginia and Maryland : U. S. Geol. Survey 
Bull. 640, pp. 43-47, 1917. 

'« Hewett, D. F., Stose. G. W., Katz, F. J., and Miser, H. D., Possibilities for manganese 
ore on certain undeveloped tracts in the Shenandoah Valley, Va, ; U. S. Geol. Survey Bull. 
GOO, pp. 281-282, 1918. 

Stose, G. W., Miser, H. D., Katz, F. J., and Hewett, D. F., Manganese deposits of the 
west foot of the Blue Ridge, Va. : Virginia Geol. Survey Bull. 17^ p. 54, 1»19. 
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have settled more or less below their original position, and some of 
them have been transported by streams. At only a comparatively 
iew places have the manganese oxides replaced residual clays. 

CHEMICAL COMPOSITION. 

The manganese ores may be grouped as to composition into two 
general classes — high-grade ores and low-grade or ferruginous ores. 

Most of the high-grade ores contain from 45 to 52 per cent of man- 
ganese, though some carloads that have been shipped averaged as 
much as 60.80 per cent. They generally contain from 3 to 8 per cent 
of iron, 0.15 to 0.30 per cent of phosphorus, and 2 to 8 per cent of 
^silica. Some of the ore that has been marketed contained more than 
"0.30 per cent of phosphorus and a very little contained 0.50 per cent 
or more. As it is usual to specify that the phosphorus content of ores 
to be smelted shall not exceed 0.25 per cent, some of the ores con- 
tain more phosphorus than the maximum specified content just men* 
tioned. Phosphorus is in fact the most harmful ingredient in the 
ores of the district, but as it is not uniformly disseminated it can gen- 
erally be avoided in mining. In places more phosphorus occurs in 
the associated material than in the ore itself, and it can therefore be 
largely eliminated by properly preparing the ore for the market. At 
some places the silica content exceeds 8 per cent, which is the maxi- 
mum amount usually accepted by buyers without deducting a pen- 
al^j^ but at some of these places the silica can be materially lessened 
by properly treating the ore. During the last few years, when the 
demand for domestic manganese ores was especially great, much 
ore was shipped from the Batesville district that contained very 
high percentages of both silica and phosphorus. 

The two analyses giv«tt below show the approximate average com- 
X)ogition of 231 carloads of high-grade ore shipped in 1917 and of 
165 carloads shipped in 1918, and they represent the average com- 
position of the greater part of the high-grade manganese ore that 
was shipped during these years. They were computed from the 
.available analyses, supplied by W. H. Denison, of carload ship- 
ments that contained 35 per cent or more of manganese. The com- 
putation consisted in adding together percentages of each constitu- 
•ent in the analyses of the carload shipments and then dividing the 
:sums by the number of carload shipments in which each constituent 
was determined. The analyses used in the computation do not 
include any shipments from the Montgomery mine in 1917, but all 
the shipments from this mine in 1918 were included. This accounts 
in part for the high percentage of phosphorus in the ore that was 
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shipped in 1918, for the ore from that mine has averaged approxi- 
mately 0.40 per cent of phosphorus. 

Approximate average composition of Mgh-grade m^anga/n^se ores shipped from 
the BatesviUe, Ark,, distriot in 1917 and 1918, 



Manganese (Mn). 

Iron(Fe) 

Phosphorus (P).. 

8mca(8iOsr. 

Alumina (AltOs). 



47.60 
• 6.77 
C.24 
«6.79 
9 2.98 



45.72 

/8.as 



o Iron was detennined in 194 cars. « SiUoa was determined in 13S ears. 

b Iron was determined in 125 cars. / Silica was determined in 130 cars. 

e Phosphorus was detennined in 193 cars. g Alumina was determined in 125 cars. 
d Phosphorus was determined in 91 cars. 

1. Average of 231 carloads shipped In 1917. 

2. Average of 165 carloads shipped in 1918. 

Most of the low-grade or ferruginous manganese ores contain 20 
to 35 per cent of manganese, 8 to 20 per cent of iron, and 5 to 26 per 
cent of silica. The phosphorus content is about the same as that of 
the high-grade ores. 

The chemical composition of the marketed ores, which as noted in 
the preceding paragraph differ widely in quality, is directly depend- 
ent upon several factors, of which the following are some of the most 
important: The character and number of the manganese minerals; 
the compactness and size of the masses of ore; and the presence of 
impurities such as irqp oxides, phosphorus-bearing material, clay, 
limestone, quartz sand, and fragments and pebbles of chert. The 
quality of the marketed ores therefore depends in part upon the 
care used in their preparation. 

The highest grade ores of the district consist of compact or nearly 
compact very hard masses, from about 1 pound to several hundred 
pounds in weight, of psilomelane and hausmannite, with a smaller 
quantity of braunite. Such high-grade ores occur at the Ruminer 
Rough, Manganese Field, Sand Field, Johnson Hill, Earl CoUie, 
Barksdale, Cummins Hollow, Hankins Hollow, and Denison mines, 
and at a few other mines and prospects. The first analysis given 
below represents the approximate average composition of 39 car- 
loads of lump manganese ore from the above-named mines and the 
second represents the composition of 250 tons shipped from the Cum- 
mins Hollow mine in 1918. Most if not all of this ore was hand 
picked. " Wash ore " — pieces that weigh a fraction of a pound — ^is 
also present at these mines. It generally has a higher percentage of 
iron than the " lump ore," because it contains many small particles 
of iron oxide which can not be profitably separated from th« manga- 
nese minerals. 
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A.'i^eraffe composition of the highest grade of manganese ore produced in the 

Batesville district. 



Manganese (Hn) . . 

Iron (Fe) 

Phosphorus (P) . . . 

SUiea(SlOt) 

Aloxnlna (AlsOa) . . 
Moisture 




58.11 
1.63 



6.90 

'L'io 



a Iron was detennined in 34 cars. 

b Phosphorus was determined in 28 cars. 



c Silica was detennined in 82 care. 
d Alumina was determined in 11 cars. 



1. Average composition of 89 carloads from different mines. 

2. Compoisition of 250 tons from the Cummins Hollow mine. 

The most common type of high-grade ore, analyses of which are 
given below, is like the bulk of the ore at the Southern, Grubb Cut^ 
Kogers, Turner, Polk Southard, Wren, Lassiter, Club House, Searcy, 
Ozark, Brooks Hill, and other mines. The ore at these mines occurs- 
as loose masses, ranging in size from small fragments (" wash ore ") 
to larger masses ("lump ore"), some of which weigh several tons. 
The masses are generally compact, irregular in shape, and black on 
weathered surfaces^ but have a bright luster on fresh surfaces. 
They are composed mainly of black and steel-blue psilomelane and 
fine to coarse grained hausmannite, which may or may not occur in 
equal proportions, and they contain some braunite. Tests at some 
places show that the "wash ore" and "lump ore" occur in equal 
proportions. 

Analyses of the most common ippe of high-grade manganese ore produced in 

the BatesviOe district. 





1 


2 


8 


4 




47.927 
6.876 
.197 
3.220 


48.183 

6.560 

.255 

2.9S5 


53.685 

2.850 

.186 

2.400 


49.41 


Iron(Pe) 


a&4t- 


Phosphorus (P) 


6.21 


SiUca(8iOs) 


«5.52 


Alumina (AlsOs) 


d2.91 


Moisture/. '. 


e.490 


7.179 


4.229 




.1 _..,., 





o Iron was determined in 55 cars. 

h Phosphorus was determined in 63 cars. 



c Silica was determined in 28 cars. 
d Alumina was determined in 23 cars. 



1 . Analysis by A. S . McCreath of 6 cars of washed ore from the Southern mine. 

2. Analysis by A. S. McCreath of 8 cars of washed ore from the Southern mine. 

3. Analysis by A. S. McCreath of 16 cars of lump ore ttora the Southern mine. 

4. Approximate average composition of 60 cars of lump ore from the Rogers, Polk Southard, Southern^ 
Ozark, Searcy, and Broote Hill mines. 

« 

The " wash ore " at any mine generally contains at least a few per 
cent less manganese, and at some mines it contains more iron, phos- 
phorus, and silica than the " lump ore." 

There are many classes of ore that have a lower content of man- 
ganese than those just described. Among them are the deposits at 
the Montgomery, Ball, and Cason mines. The ores at these mines. 
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are dissimilar and are also unlike any ores found at other deposits. 
Their cpmposition as well as the composition of the ores at many 
other mines is discussed under the heading " Mines and prospects " 
(pp. lOa-265). 

The most complete analyses of manganese ore from the Batesville 
district that are available were supplied to the writer by E. C. Mc- 
Comb and are given below. They are analyses of carload lots of ore 
from the Southern, Polk Southard, and Turner mines, the ores of 
which are similar and were mixed before they were shipped. In ad- 
dition to the constituents that are usually determined they show 
appreciable amounts of lime, magnesia, and barium and traces of 
nickel, copper, and arsenic. 

Detailed analyses of manganese ore from the Southetm, Polk Southard, and 
Turner mines, Batesville district. 



Manganese (Mn) . 

Iron(Fe) 

]Phosphoras(P).. 

Smca(SiO0 

Alumina (AIsOs) . 

Llme(CaO) 

lifagnesia(MgO). 



NickelouR oxide (NIO) . 
Barium oxide (BaO) . . . 

"Copper (Cu) 

Arsenic (As).. 

Combined water 

Mtdsture 



45.04 
6.87 

.227 
6.28 
3.06 
1.45 
2.45 

.16 
4.17 

.028 

Trace. 

6.96 

6.00 



48.22 

5.8 

.214 
3.05 
2.87 
1.2 

.58 

.00 

2.79 

Trace. 

.012 
7.25 
6.00 



50.36 
1.75 

.126 
1.71 
2.16 

.90 
2.25 

.28 
3.02 

.016 

Trace. 

4.92 

2.00 



53.37 
2.35 
.170 
2.80 
3.24 
.75 
.66 
Trace. 
2.94 
Trace. 
.019 



l&OO 



1, 2. "Wash ore" from the Southern and Polk Southard mines. 

3, 4. "Lump ore" from the Southern, Polk Southard, and Turner mines. 

Many analyses of carload shipments of both high-grade and low- 
grade ores are given in the descriptions of the mines and prospects 
(pp. 103 et seq.) , and analyses of a few samples are given, if analyses 
of carload shipments from particular mines and prospects are not 
Available. 

COMMEBCIAL USES OF THE OBES. 

The ores from the Batesville district have been' used for making 
ferromanganese, spiegeleisen, and high-manganese pig iron. Very 
little if any ore has been found suitable for chemical uses, because 
the amount of manganese peroxide is, as a rule, less than 80 per 
cent — ^the minin^um usually required for such purposes — and it is 
not likely that commercial quantities of chemical ore will be dis- 
covered. Penrose ^^ states that the dark-brown manganif erous clay 
at the Brooks Hill mine has been successfully used in St. Louis in 
the manufacture of artificial brownstone and colored bricks. Similar 
clays occur at other localities. They could be used to produce the 

f^ Penrose^ B. A. F., jr., Manganese — ^Its uses, ores, and deposits : Arkansas Geol. Surrej 
Ann. Kept, for 1890, vol. 1, p. 251, 1891. 
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spots of some varieties of speckled bricks and could be mixed with 
red-burning clay for brown bricks and with buflF-burning clay for 
gray bricks. 

ECOKOKIO POSSIBILITIES. 

Little manganese ore is now (1922) being mined in the Batesville 
district, but, as stated under the heading " History and production," 
the output of manganese ore was 82,716 tons from 1849 to 1921, in- 
clusive, and that of ferruginous manganese ore for the same period 
was 74,482 tons. Mining in the district was especially active during 
the World War, when the restriction of imports of foreign ores caused 
a great demand for domestic ores, for which very high prices were 
paid. 

The manganese deposits of the Batesville district were examined 
by the writer in the spring and summer of 1918, during the period 
of increased activity, and as a result of his examination the follow- 
ing statement concerning available ore reserves was issued : ^* 

An estimate of the quantity of available manganese ore of all grades in this 
region where mining is not preceded by systematic prospecting is difficult to 
make. Of the 180 deposits examined, about half contained an estimated available 
reserve of 200 tons or less. Only about one-third contain 1,000 or more tons 
and only a few contain more than 5,000 tons, though certain of these contain 
many thousand tons. A small number of prospects and mines, however, were 
not visited, and these and the unexplored deposits may increase considerably 
the reserve. The deposits of the region perhaps include at least 250,000 tons 
of available ore containing 40 per cent or more manganese and 170,000 tons of 
available ore containing less than 40 per cent manganese. 

The above estimates show a greater quantity of available high- 
grade manganese ore than of low-grade ore, although in reality the 
total quantity of low-grade ore exceeds that of the high-grade ore. 
In making these estimates several factors, including the follow- 
ing, were considered: 1. The cost of mining and preparing many 
^of the low-grade ores would not be much less than that for the high- 
grade ores. 2. As the low-grade ores generally have a very high 
silica content and a low iron content, the market for them is limited. 

It is impossible to make any estimate of the ore that can be mined 
and marketed at a profit under normal or nearly normal conditions, 
when the ores command much lower prices than they did during the 
World War. The comparatively high cost of production of the 
ores and the high percentages of phosphorus and silica in some of 
them will retard manganese mining, though the district can doubt- 
less produce some ore under normal conditions in the future as it 
has at times in the past. The quantity, however, wiU probably be 
considerably less than the estimates given above. 

" U. S. Geo!. Survey Press Bull., Sept., 1018. 
lOiCea— 22— 7 
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Whenever conditions again cause an abnormal demand for do- 
mestic manganese ores increased production in the Batesville dis- 
trict will doubtless result. 

LIMITS OF THE OBE-BEABING ABEA. 

The deposits that have been developed and have produced man- 
ganese ore in commercial quanlfity lie in an irregular belt 4 to 8 mil^s 
wide extending from Lafferty Hollow, near Williamson, eastward 
to the Ball mine, 2 miles east of Hickory Valley, a distance of 20 
miles. (See PI. I.) Cave City and Mount Pleasant are in the north 
border of the belt, and Hickory Valley, Pfeiffer, the Cason mine, 
Cushman, and Walls Ferry are in its south border. Manganese min- 
erals have, however, been found in small quantity as far west as 
Guion. In this belt the Fernvale limestone, one of the ore-bearing 
formations, is apparently thicker, and the Cason shale, the other 
ore-bearing formation, is present in larger areas than they are else- 
where in the southern part of the Ozark region. Although man- 
ganese ore is not present in these formations or in their residual 
clays everywhere in the above belt, it occurs in commercial quantity 
only in those areas where one or both formations or their residual 
clays are present. At many places, as in the vicinity of Cave City, 
Sandtown, and Mount Pleasant, the ore-bearing residual clays have 
escaped erosion, although the Fernvale limestone and Cason shale 
have been entirely decomposed, but these clays occur only in areas 
where either one or both of the Joachim and Plattin limestones have 
not been eroded. It is therefore useless to look for large quantities 
of manganese ore in areas where the St. Peter sandstone and lower 
formations are exposed. 

The Fernvale limestone and Cason shale have a general though low 
southward dip, and in this direction they pass beneath rock forma- 
tions of Silurian, Devonian, and Carboniferous age. None of these 
younger rocks contain manganese ores, and no workable deposits will 
probably be discovered by deep drilling in the Fernvale and Cason 
where they are overlain by younger rocks, because the evidence, as 
pointed out elsewhere in this report, indicates that the manganese 
has been concentrated into minable deposits only at and near the 
surface. 

MINING AND PREPARATION OF ORES. 

By W. R. Crane, of the Bureau of Mines. 

INTBODXTCTIOK. 

The urgent demand for manganese ore in the United States during 
the prosecution of the war greatly stimulated its production and en- 
couraged a wide and careful search for workable deposits, which re- 
sulted in the discovery of new localities as well as the revival of 
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interest in old districts. Extensive prospecting and development 
work was done in such well-known areas as the Cartersville district 
in Georgia, the Batesville district in Arkansas, and -in many large 
Hieas in Virginia, Tennessee, Alabama, Xorth Carolina, South Caro- 
lina, and in several of the Western States. 

The manganese ores of the Batesville district, as explained by Mr. 
Miser on pages 56-70, vary greatly in their character and in their 
mode of occurrence. Considerable care should therefore be taken in 
the operations of prospecting, developing, and mining them. De- 
posits that have been located and give promise of having a fair 
amount of ore must be developed and mined so as to safeguard the 
operations against irregularity and uncertainty in the extent of the 
ore. The form of the ore deposits determines the methods employed 
in mining, and likewise the character of the ores mined determines the 
methods of preparing them for market, the variation in quality and 
ihe uncertainty in quantity being necessarily^ kept in view throughout 
the work. 

METHODS OF MININO. 

The mining of manganese ores may for convenience be divided 
into three general operations — prospecting or testing, development, 
and mining. 

Testing hy shafts^ welh^ and pits, — The method of prospecting 
usually employed in the Batesville district is testing by shallow pits 
and ditches. Deep pits or wells are not as much used for testing as 
in other districts, owing probably to the relatively thin cover lying 
on the slopes. Notable exceptions to this practice are found in the 
testing done by wells and shafts at the Shaft Hill, Grubb Cut, Rogers, 
and Southern mines, and to a less extent at other places scattered 
throughout the district. Before actual testing is begun it is desirable 
to obtain as much information as possible concerning the presence 
of manganese. It is doubtful whether any serious attempt should 
be made to test, a property that has no signs of manganese above 
ground. Nodules and fragments of ore almost invariably lie upon 
the surface if manganese is present in any quantity worth attention. 
If manganese is found on the surface of the property one or more 
wells or test pits should be sunk, and if the results are encouraging 
or satisfactory other pits should be put down. 

Owing to the irregular form of manganese deposits, it is particu- 
larly desirable to dig a sufficiently large number of pits to demon- 
strate that ore occurs throughout the area prospected. Pits should 
not be placed farther apart than 60 feet, and closer spacing is gen- 
erally preferable but is seldom practiced, owing to the great cost, 
especially when deep holes are necessary. 
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It is just as important to know the thickness of a deposit as to 
know its lateral extent, consequently the test pits or trenches should 
not terminate when the deposit is reached or simply penetrate it 
for a foot or more; the test is not complete until the deposit has 
been entirely passed through, unless the deposit is of exceptional 
thickness. The number of the pits and their arrangement on the 
surface give the area covered, and with the information from such 
tests available it is possible to make a more or less definite calcula- 
tion regarding the probable amount of ore on the property. 

Test-pit work is usually done by contract, the price being 40 cents 
to 50 cents per linear foot for pits 30 to 36 inches in diameter ; test- 
ing has been done also under normal conditions by day labor at 
a cost of 25 cents per foot. 

Churn drills have been employed for a few tests of manganese- 
bearing ground in the Batesville district, but the danger of "salt- 
ing " the test holes through rubbing the bit on pieces of manganese 
exposed on the walls renders this method of testing unsatisfactory. 
However, if proper precautions are taken by casing the holes as 
drilled good results can be obtained. 

In testing by pits or holes it is common practice to throw the 
material taken out into piles indiscriminately about the holes. No 
opportunity is afforded at a later date, as is often desired, to ex- 
amine the material removed in the order of its removal. It is much 
more satisfactory to place each lot taken from the hole in a sepa- 
rate pile, thus forming a row of small piles, the first lot taken out 
being next to the hole. Even though the material was scattered 
somewhat it would afford a more or less legible record for years after 
the testing was done. 

If the cover is slight the deposit may be exposed by shallow holes 
and trenches, and owing to the comparatively small amount of work 
required much ground can be tested at a small cost. 

Trenches as well as the deeper pits are usually employed as open- 
ings for the removal of ore should a workable deposit be discov- 
ered, and the work of testing is thus merged into that of mining. 
Prospecting by whatever method employed is seldom completed 
before mining is begun, and this overlapping often leads to unneces- 
sarj^ work and expense. It is well to keep the various operations 
separate, so far as possible, until the time when each has served its 
full purpose. 

Where the thickness of the overburden and the depth of the man- 
ganese-bearing deposit together are known to be 60 to 100 feet 
shafts should be sunk, which will serve both as a means of testing 
the deposit and for developing and working it should it prove satis- 
factory. In firm ground shafts of rectangular section are employed 
and are as a rule lined with hewed or sawed frames and split poles 
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or with plank. Shafts differ, therefore, from test pits in size and 
shape, the more common sizes being 4 by 4 feet and 4 by 5 feet. 

The cost of lining shafts ranges from $1.50 to $2 a foot, and the 
cost of sinking and lining together is about $3.50 to $4 a foot, all 
the work being done by day labor. In some localities shaft sinking 
is contracted for at $1.25 a foot unlined and $2 a foot lined, the 
lumber being furnished. 

Developvient work, — After the prospecting has been completed the 
next step toward production of ore is to develop the property by 
making cuts, driving drifts or tunnels, and sinking shafts or in- 
clines through which to remove the ore. 

If there is little or no overburden present the deposit may be at- 
tacked by simply digging into the bank or digging a trench directly 
into the deposit, the trench serving in a way as an exploratory open- 
ing; subsequent cutting away of the walls of the trench develops 
the open cut. Should there be considerable depth of cover on the 
deposit it may be necessaiy to employ drifts or tunnels in the devel- 
opment work, and in certain localities where the deposit extends 
downward and it is neither desirable nor possible to begin the de- 
velopment opening at a lower point, an incline or slope may have 
to be employed. Several open cuts may be connected by one or more 
drifts, through which all ore must be handled. 

Deposits situated on sloping ground are developed to advantage 
by drifts and tunnels, but on level or nearly level ground shafts are 
employed. The shaft is then the connecting opening between the 
surface and the deposit, which provides a means of ingress and egress 
to men, a flue for ventilation, and a passage for the handling of the 
ore. 

From the foot of a shaft drifts are run on the deposit, and owing 
to the usual irregularity of the deposits the drifts are also very ir- 
regular as to direction followed. As the shaft is the development 
opening connecting the deposit with the surface, so the drift used 
in connection with the shaft is the development passage within the 
deposit. Owing to the ease and the small expense of sinking shafts, 
many miners consider it better practice to sink them at short dis- 
tances apart rather than to employ long drifts, which may have to 
be supported. A group of shafts, connected by drifts run at differ- 
ent levels, facilitates the movement of air currents and the handling 
of ore, as each shaft is usually provided with a windlass. 

The one essential for all development work, regardless of whether 
it is open-ciit work or underground mining, is that the horizontal 
passages must be kept level. Otherwise water may accumulate in 
them, but the most important consideration is that of handling 
the ore, which caii not be readily done if the passages are not prac- 
tically level. 
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Open-cut work. — Although some steam shovels have been used in 
the district, yet by far the greater part^of the work of taking out 
ore is done by hand. Several mines are operating with plows and 
scrapers, and a number of hydraulicking operations are planned. 
Mining by pick and shovel, the loosened material being loaded into 
wheelbarrows, wagons, or cars or fed direct to sluices, is the most 
common method of working manganese-bearing clays or gravels. 
(See PL XIII, C.) Quarrying methods are resorted to when the 
deposits occur in the hard, unaltered Fernvale limestone and Cason 
shale. The clay and manganese are loosened by pick and bar, the 
larger pieces of mineral are sorted out, and the bulk of the cla!y is 
either sent to the washing plant or deposited on the spoils bank. 
The ore removed from solution cavities in limestone is usually hand 
picked, and all fines are discarded with the associated clay ; other 
deposits situated at some distance from an available water supply 
are treated in like manner. The mining and hand picking of ores 
is commonly spoken of as " dry mining " and is largely employed in 
seme parts of the district, particularly at Blue Ridge, Kowe Field, 
and Brooks Hill mines. 

Owing to the extreme irregularity in thickness of the deposits, 
none of which has any great depth, any attempt at systematic mining 
is soon abandoned, and the cuts develop into irregular openings ex- 
tending into hillsides. Boulders in the clay and bosses anfl pinnacles 
of the bed rock increase very materially the irregularity of the work- 
inofs and obstruct the handling of the excavated materials. Trouble 
from this cause interferes most with the 'larger steam-shovel opera- 
tions. 

Should the testing shoAv that the deposit does not lie in such a posi- 
tion as to be advantageously mined at the point where development 
work must begin it may be reached by drifts, but preferably by 
narrow open cuts, through which all excavated materials must be 
handled. The open cut proper is then formed by enlarging the devel- 
opment cut when the deposit has been reached. 

The method of mining the ore from the Fernvale limestone and 
Cason shale differs considerably from work in clay deposits because 
the ore-bearing material consists of ledges of hard rock that require 
drilling, blasting, and considerable pick and bar work. After the 
overburden, composed of soil, clay, and fragments of rock has been 
removed the ore-bearing ledges are loosened by small charges of 
dynamite, and the manganese ore is then broken up by sledges, is 
hand picked, and placed in stock piles. In most localities in the 
western part of the district where such ore is mined it is necessary 
to remove a bed of phosphate rock that lies immediately above it. 
The phosphate rock is not discarded but is placed to one side -in the 
expectation that it will have a commercial value at some future time. 
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A. FEEDING WASH DIRT INTO SLUICE FROM BRIDGE AT CUTTER MINE. 
Photograph by W. R. Crane. 




B. WASHING MANGANESE ORE IN SLUICE ON WEST LAFFERTY CREEK. 
The ore being treated is from the Adler Hollow mine. Photograph by W. R. Crane. 




C. HAND MINING BY PICK AND SHOVEL IN OPEN CUT AT CUTTER MINE. 
Photograph by W. R. Crane. 
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A. WASHING AND CONCENTRATING PLANT AT MONTGOMERY MINE. 
Photograph by W. R. Crane. 




B. SHOVEL OPERATING IN OPEN CUT AT MONTGOMERY MINE. 
The ladder is leaning against a "horse" or pinnacle of limestone. 
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A- MODERN WASHER AND CONCKINTJl \T<Mi AT DEMSON MINE. 
Pholograph by W. II, CfJiay. 




B. CLAY^FILLED SOLUTION CAVrPY IN PLAITIN LIMESTONE AT DENISON 

MINE. 

T\w otfiy coEiUiLuii mU[i;,'aricse ore liticI Kaa been, partly rtmovod from iHe uavily. Phoioirriiph 

hy W. R. Crane. 
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A. PINNACLE OF PLATTIN LIMESTONE OVERLAIN BY A BED OF MANGANESE- 
BEARING CLAY AND THIS IN TURN BY NON MANGANESE-BEARING CLAY 
WITH CHERT FRAGMENTS, IN NORTH CUT AT POLK SOUTHARD MINE. 

The manganese-bearing clay rests directly on the limestone and is therefore farther from the surface 
at the pit than it is on the crest of the pinnacle. Photograph by W. R. Crane. 




B. VIEW AT OZARK MINE. SHOWING MANGANESE-BEARING CLAY LYING BETWEEN 
FOLDED AND SHATTERED LEDGES OF BOONE CHERT AND FERNVALE LIME- 
STONE. 

Photograph by W. R. Crane. 
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The covering of phosphate rock has probably protected the under- 
lying ledges of ore to a certain extent, and, although the ore may be 
somewhat more difficult to mine, on the other hand, it is less contami- 
nated with clay, silica, and other impurities and requires less hand 
cleaning and sorting than ore that is otherwise situated. 

The extreme irregularity of the limestone surface upon which the 
manganese ore lies prevents any attempt at systematic mining of the 
deposits in the limestone and shale. 

Steam-shovel work is necessary if a large tonnage must be moved, 
as where a washing plant or concentrating mill is operated in con- 
nection with a mine. The only mines using steam shovels in the sum- 
mer of 1918 were the Montgomery and Polk Southard, the former 
having one and the latter two shovels. (See PL XIV, B.) There 
were four other steam shovels in the district, and preparations were 
being made for installing several others. It is unnecessary to explain 
here the method of operating a steam shovel, as the clays, gravels, 
and chert fragments ordinarily encountered in the deposits are easily 
worked. It is, however, desirable to mention the one condition pe- 
culiar to the district, which will determine whether or not steam 
shovels can be employed; this is the irregularity of the bedrock. 
Steam shovels must operate on level ground, which they can not 
have where masses of rock, attached and unattached, together with 
pinnacles of relatively small section, extend vertically into the clay 
beds from a few feet to 25 or 30 feet. It is evident that only on the 
more extensive deposits can steam shovels be employed to advantage, 
iind on these only until the irregularities of the bedrock are en- 
countered. It is possible, of course, to extend the use of the shovel 
by blasting out the small irregularities, but the point is soon reached 
where the expense of blasting combined with the handling of the 
broken rock prevents its continuance. 

Sluicing methods, — Sluices have been employed in the Batesville 
district as a means of handling ore alone and not as a method of 
mining, but a number of rather extensive operations have been 
planned in which hydraulic giants would be used for loosening and 
disintegrating the wash dirt and at the same time furnishing water 
for transporting the material to a washing plant. (See PI. XIII, 5.) 
Such an operation was planned by R. L. Dennison, an engineer for 
the Sand Field, Manganese Field, Ruminer Rough, and Barksdale 
mines near Anderson. Mr, Dennison is installing the plant and 
plans to hydraulic the clay, rock fragments, and manganese into a 
settling basin, the ore being removed from the basin by a conveyor, 
which would deliver it to a sluiceway. The partly cleaned ore 
would be discharged into logs at the foot of the sluiceway, passing 
which it would be hand picked, sized, and jigged preparatory to 
marketing. The character of the deposit and the lay of the ground 
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on the property favor the installation of such a plant, supplemented 
with an ample supply of water near by and a proposed branch line 
of railroad on the property should insure the production of manga- 
nese at a low cost per ton. 

Undoubtedly unexpected obstacles will be met, possibly requiring 
a material change in the method projected. Certain difficulties can 
be anticipated ; thus it is not readily imagined how by the ordinary 
operation of a hydraulic giant clay and heavy masses of rock and 
ore can be removed from deep channels and solution cavities in lime- 
stone nor how the larger masses of rock and ore can be collected 
and discharged from the settling basin. Enormous quantities of 
water would be necessary to remove from the basin the great volume 
of clay and other material washed into it, and it is doubtful if there 
is a sufficient supply available. 

Miscellaneovs methods. — Grab buckets of the orange-peel type 
have been employed to a small extent, both in sinking shafts and 
excavating in open cuts, but have been discarded as unsuited to the 
work. Grab buckets were employed for a short time in shaft work 
at the Southern mine; also on a conveying line in open cuts at the 
Polk Southard mine. 

Underground mining, — All underground work in manganese mines 
is done by drifting, the ore or wash dirt being mined at the face of 
the drifts. Operators plan where possible to run the development 
opening so as to reach the deposit at its lowest point in order that 
the work of mining may be carried on overhead rather than under- 
foot ; where this is not possible both overhand and underhand work 
must be done. 

Should the ore body extend above the opening drift it is mined by 
running another drift above the first one, the sets of the upper 
drift being supported by those below. In some places lagging must 
be employed to properly support the clay backs and walls of the 
drifts. This method of removing ore extending above the drifts 
may be continued to a height of several sets, the limit being five 
to seven, above which there is serious danger of collapse of the backs 
and walls. 

If the ore body extends downward below the level of the opening 
drift it would be the safest practice to run a drift below the opening 
drift, placing the posts of the sets of the undercutting drift directly 
under the sills of the drift above. 

In small, irregular deposits it is possible to remove all the 
ore to the height of 7 or 8 feet by drifting, but in wider deposits it 
is necessary to widen the face by skirting along the sides of the 
first drift run. When it becomes necessary to employ supports for 
drifts the side or skirting drifts are likewise provided with jamb 
sets, which are ordinary sets placed at the side of the sets of the 
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opening drift. An ore body equal in width to six or eight sets can 
readily be mined by the employment of jamb sets. 

The cost of drifting ranges from $1 to $1.50 per foot, untimbered ; 
the cost of driving and timbering drifts is $2.50 to $4 per foot, 
depending on whether the timber can be cut on the property or must 
be purchased. The price paid for timber varies considerably, but 
ranges from about 10 to about 15 cents apiece for both sets and 
lagging. 

Drainage^ ventilation^ lighting j etc, — Other operations incident to 
mining, such as drainage, ventilation, lighting, and handling, are 
.usually as simple and crude as are the methods of mining and ordi- 
narily present no serious or complicated problems. 

The looseness of deposits of residual clays readily permits the 
escape of water, which causes much trouble in most mining work. 
Rarely is any trouble caused by the accumulation of water in under- 
ground workings for manganese in this district, but in open-cut 
work the bottoms of the pits often become choked with mud puddled 
by work done upon them. During wet weather water may collect 
in the pits, and unless they are self-draining it must be pumped out. 
As a rule much if not all of the trouble arisii^g from accumulations 
of water can be obviated by proper methods of prevention, such as 
the use of intercepting ditches above and beyond the walls of the 
open cuts. 

Ventilation is usually a matter of small concern, owing to the 
small scale of the operations. The practice of connecting under- 
ground workings so as to have openings at different levels, thus 
providing conditions favorable for natural ventilation, usually solves 
the problem of keeping the air fit to work in. When the workings 
become more extended some positive means of bringing air into them 
must be adopted, such as " sails " and furnaces, and in still more 
extended workings rotary blowers could be used to advantage. 

Candles and acetylene lamps are commonly employed in under- 
ground work ; in open cuts no artificial lighting is necessary, except 
when work is done at night. Acetylene flare lights have been used 
to advantage in large-scale open-cut operation*, but it is doubtful 
whether there will ever be any great need for such equipment. 

Handling materiala. — ^Handling excavated materials is an impor- 
tant part of the mining operations, and is done by various methods. 
In open- cut work the excavated materials are largely handled in 
wheelbarrows on plank runways. Wheelbarrows are used in all 
small operations, and occasionally they are handled on fairly steep 
grades by two men, one pulling by a rope and the other pushing. It 
is needless to say that such a method of conveyance is both inefficient 
and expensive. 
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Cars are employed in many fairly large hand-operated open cuts 
and are used exclusively in connection with steam-shovel work, being 
moved by hand and by mules and in workings by engine and cable. 

Owing to the common practice of following deposits downward 
within the pit, considerable depth of open-cut work often results, 
which requires the waste and wash dirt to be hauled up slopes of 
various grades. A level approach and entrance to the open cut should 
be maintained if the location of the deposit does not absolutely pre- 
vent this. 

Sluices are used in a few workings for moving wash dirt from 
the pit to the washing plant. When the wash dirt handled contains 
a fair proportion of coarse ore or rock the sluice serves as a very 
efficient cleaning device and at the same time handles the material 
at a small cost. Wooden box sluices of V or square section are com- 
monly used, and a pipe line delivers carrying water to the upper or 
feed end. The sluices may be fed by shovel or by scrapers operating 
on bridges built across the pipe line. (See PI. XIII, A,) 

The cost of producing manganese during 1918, although it varied 
considerably, particularly with respect to labor and supplies, was 
between $12 and $15 per ton for the bulk of the ore f . o. b. cars at 
the shipping point. In certain localities as high as $35 and $40 a 
ton has been paid for mining alone. 

FBEFABATION OF MANGANESE OBE. 

GENERAL FEATURES. 

The methods employed in cleaning and concentrating manganese 
ores and the scale of the operations depend largely upon the size and 
character of the deposits worked. The ore-bearing clays are more 
largely worked than the Femvale limestone and Cason shale and 
produce all of the ores that are washed and otherwise treated imme- 
diately after their removal from the workings. 

The deposits in the Femvale limestone and Cason shale may be 
composed of hard ore or of soft or wad ores and may be of consider- 
able size. The deposits of wad are generally of low grade and 
present rather unusual problems in washing and concentration; as 
yet no serious attempt has been made to utilize them commercially. 

The principal difficulty met with in planning the treatment of ore 
or wash-dirt coming from the ore-bearing clays is the uncertainty 
of a regular and uniform output from the mines. Next in impor- 
tance to the features of the supply is the character of the manganese 
ore and the proportion of ore to waste, such as clay, sand, iron 
oxide, etc. The kind of ore best adapted to washing and concentra- 
tion is the nodular or pebble form of small size, following which in 
ease of treatment is the granular form, which is usually of conven- 
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lent size for log washing and subsequent jig work. The kidney, 
dornick, and massive ores require reduction before they can be suc- 
cessfully treated by logs and on the picking belt, but owing to the 
size of the masses and the purity of many of them, it is often pos- 
sible to make a high percentage extraction prior to treatment in 
logs and jigs. 

Owing to the variable conditions mentioned, there is a tendency to 
limit the equipment for treating manganese to a minimum both 
with regard to kinds and number of parts employed, and irrespective 
of the desirability of a small equipment. Poor and imperfect clean- 
ing and excessive losses of ores usually result from the curtailment 
of equipment. This curtailment is not always due to a wish to limit 
the first cost but more often to a lack of definite knowledge regarding 
proper methods of treating manganese ores, which leads to the fol- 
lowing of a previous practice, however poor it may be. It is there- 
fore very important that the layout of a standard plant which incor- 
porates all useful and desirable parts of the best practice to be 
found in the country be given here. 

The preparation of manganese ores consists of two distinct opera- 
tions — (1) dry mining, (2) washing and concentration. 

DRY MINING. 

Dry mining is not a method of taking ore out of the ground. It 
is a method of cleaning the ore, and consists of screening the wash 
dirt as it is mined. Not all wash dirt is adapted to dry mining, as 
certain clays are wet and sticky and some occur in large masses, 
making their separation from the mineral by screening pi-actically 
impossible. Dili; that can be best treated by dry-mining methods is 
dry and granular, breaking up readily and separating from the 
mineral with little or no effort. 

The dry-mining method is far from satisfactory at best, and is 
scarcely ever employed in operations of much size, except as a tem- 
porary expedient, as in the preparation of ores prior to the erection 
of a washing plant. In small-scale operations, carried on where the 
depoi^ts are small or by parties who have not enough funds to 
equip the mine properly for economical extraction and preparation 
of the ore, such a method may be permissible. Further, deposits 
situated at considerable distance from a water supply may require 
dry mining if they are to be worked at all, but in any case the 
method is wasteful, the loss of fine ore frequently amounting to 25 to 
35 per cent of the recoverable mineral in the bank. 

On the other hand, the high-grade manganese occurring in solu- 
tion cavities can be cleaned by hand with or without screening, but 
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in such deposits the bulk of the ore is of fair size ; however, even 
under the most favorable conditions considerable loss results. 

The percentage of manganese in the wash dirt is the controlling- 
factor in dry mining. Dirt having less than 10 per cent of mineral 
can not be successfully separated by screening unless the bulk of 
the mineral is of large size. 

WASHING AND CONCENTRATION. 

The principal considerations affecting the employment of washing 
and concentrating methods in the treatment of manganese ores are 
the quantity of wash dirt available, the percentage of manganese in 
the dirt, and the water supply. No plant should be erected until 
the available supply of ore has been determined within reasonably 
close limits; failure to test a property adequately before erecting- 
a plant shows lack of good judgment and business acumen. Al- 
though ore may be mined and hand picked under certain conditions 
of occurrence, even when the proportion of ore to clay is 1 to 50^ 
or 2 per cent, yet the excavation must be done on a large scale by 
mechanical means and the bulk of the ore must be in fairly large 
masses. Log washers and jigs can not readily treat materials that 
are leaner than 1 to 35, and preferably they should be 1 to 10, or 
10 per cent, which is a fair average for wash dirt treated. 

The design of a plant for the proper treatment of any mineral 
must be based upon the following points : The nature of the mineral 
and its physical characteristics; its mode of occurrence, the associ- 
ated minerals and inclosing rock formations ; the practice previously 
followed, if there has been any; and of somewhat less though of 
considerable importance, the local conditions, such as lay of ground, 
water supply, and timber for construction and other purposes. 

The manganese ores in a district may differ widely in character, 
and considerable difference may be noted in ores from openings on 
the same property. The mineral may be dense and hard, or porous 
and hard, or porous and soft. The specific gravity also varies con- 
siderably, ranging from 3.5 to nearly 5 ; the average for the greater 
part of the mineral treated is between 3.5 and 4. The small rounded 
or granular pieces can be treated without difficulty, but fine material 
and large masses require special treatment. 

The minerals associated with manganese are chert and iron oxide, 
principally limonite ; barite occurs rarely. As the oxides of iron 
and manganese have nearly the same specific gravity it is practically 
impossible to separate them mechanically, consequently it is com- 
mon practice to hand pick the ore coming from the finishing appa- 
ratus when a product low in iron is desired. As a rule, however, no 
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attempt is made to separate the small amount of iron present in ores 
coming from the ordinary manganese deposit. The specific gravity 
of compact chert is about 2.60-2.65, but much of the chert that occurs 
with manganese deposits, particularly the sands resulting from the 
decay of limestone and other formations, is rough and porous and has 
a specific gravity of 1.8 to 2. It is evident, then, that the average 
specific gravity of manganese is about twice that of chert, the prin- 
cipal impurity that must be separated from it, which is ample to 
allow of clean and rapid separation. 

Existing practice in the treatment or cleaning of manganese or6 
has a wide range, from fair to very bad, but as a whole it would fall 
in the loAver part of the range. Xew plants are modeled after those 
that are operating, apparently on the assumption that because a 
plant is in operation it must be doing good work, which is often far 
from being true. However, the essential principles of a prevailing 
practice are very likely to be sound and particularly adapted to 
the special conditions in the district and are therefore worthy of care- 
ful consideration and adoption, at least in part. 

The practice of cleaning manganese ores followed in the Batesville 
district can hardly be considered standard except in its general out- 
line, which is the use of grizzlies, log washers, screens, and picking 
belts, with a growing tendency toward employing jigs. Rarely, how- 
ever, are plants constructed for and fully equipped with the apparatus 
that has proved satisfactory in operation on manganese ores, and a 
niunber of plants jbltq operating with the irreducible minimum of 
equipment, namely, a log washer and screen or hand jigs alone. 
The practice is very simple and may be outlined as follows : 

Wash dirt to 1 : 

1. Grizzly, size 5 by 6 feet. 10 to 14 railroad rails spaced 4 inches; Oversize, 
waste rock thrown on dump, lump ore reduced by sledging to size that wUl 
pass through grizzly to 2 ; undersize to 2. 

2. Double log washer, 28 feet long, slope 1 inch to 1 foot: Discharge to 8; 
overflow to 4. 

3. Revolving screen, 6 feet long by 30 inches in diameter with three-fourths 
inch perforations : Oversize to 5 ; undersize to 6. 

4. Waste bank. 

5. Picking belt, 22 feet long by 24 inches wide : Ore to 7 ; waste to 4. 

6. Harz jig, 4 cells, size of cells 32 inches by 42 inches : Gate discharges to 7 ; 
hutches to 8. 

7. Finished ore bin. 

8. Harz jig ; 2 cells, size of cells 28 inches by 36 inches : Gate discharges to 
7 ; hutches to 7 ; tails to 4. 

A similar equipment, somewhat more specialized, was employed 
at the Eureka Manganese & Mining Co.'s plant at the Montgomery 
mine, but certain changes have been made in it, including particu- 
larly the addition of several Harz jigs. The mill as remodeled has 
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not been operated, so that the flow sheet given below represents the 
work done during the summer of 1918. (See PL XIV, ^1.) 

Wash dirt to 1 : 

1. Grizzly, railroad rails spaced 4 inches: Rock to dump; manganese Uimp 
reduced by sledge, goes with undersizes and clays to 2. 

2. Log Nvasher, 30 feet long, slope 1 inch to 1 foot : Discharge to 3 ; overflow 
to stream. 

3. Jacketed screen, 7i feet long by 4 feet in diameter ; two sections of screen- 
ing surfaces, first one-sixte«ith inch mesh, second one-half inch mesh : Oversize 
of one-sixteenth inch section to one-half inch section, undersize to 4; oversize 
of one-half inch section to 5, undersize to 6. 

4. Settling boxes : A low-grade highly siliceous product is obtained. 

5. Picking belt, 30 feet long by 28 inches wide: Rock to dump; manganese 
to 7. 

6. Richards pulsating jig, size 12 by 12 inches: Hutch product to 7; overflow 
to 4. 

7. Finished ore bin. 

More than two jigs are seldom employed in the washing plants 
for manganese ores, and in many plants only one jig is used. Re- 
volving screens or trommels are commonly used, but flat screens are 
occasionally employed ; in either case it is the exception to find more 
than one size of opening used, which ranges from three-quarters of 
an inch to IJ inches. The wide range in the size of the material fed to 
the jigs from such screens renders good separation next to impossible. 
Few of the products of the jigs are clean; the greater part require 
extensive hand picking to complete their preparation, which could 
be obviated by simply rerunning the hutches of the rougher jigs. 
Fairly clean products could then be made on the second or cleaner 
jigs. If only one jig is employed little or none of the jig products 
is suitable for market. Fairly close sizing would make. a great im- 
provement in the work done by the jigs and would reduce the ex- 
pense of preparing the ores by eliminating hand picking. 

Probably a dozen hand jigs have been in operation in the district 
at different times, but with them as with the power jigs incomplete 
separation of waste materials was the almost universal rule owing 
to little or no attention being paid to sizing of the feed. 

One of the best equipped and most modern plants in the district 
is at the Denison mine. (See PI. XV, ^.) 

Manganese ores can readily be cleaned by washing and jigging 
and with only slight change in the present practice. The flow sheet 
of a plant properly arranged, which can, therefore, be called a stan- 
dard plant, is given below : 

Wash dirt to 1: 

1. Qrizely, 2 to 4 inch spaces between bars: Oversize, rock to 2, manganese 
by sledge to 3 ; undersize to 3» 

2. Roclt dump. . . 
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3. Log washer, double log, 20 to 30 feet long, slope 1 inch to 1 foot : Discharge 
to 4 ; overflow to 5. 

4. Revolving screen, cylindrical or conical, perforation or mesh one-half inch 
and three-sixteenths inch: Oversize, everything above one-half inch to 6; un- 
dersize, one-half inch to three-sixteenths inch to 7; under three-sixteenths 
inch to 8. 

5. Mud or settling pond. 

6. Picking belt : Rock to 2 ; manganese to 9. 

7. Rougher jig, four cells : Gate discharges to 9 ; hutches, first to 9 ; second, 
third, and fourth to 10. 

8. Sand jig, three cells : Gate discharges to 9 ; hutches to 9 or 10. 

9. Finished ore bin. 

10. Cleaner jig, three cells : Gate discharges to 9 ; hutches to 9 or 11. 

11. Shaking table : Finished product to 9 ; tails to 5. 

A standard washing plant, equipped as indicated in the above flow 
sheet, may be called a single washer or unit and has a capacity of 40 
to 50 tons of finished ore per 10 hours. By a single washer is not 
meant a single log, but a single washer with double logs. Although 
single logs do good work, yet in such a plant as that outlined above 
a double log should be employed. An increase in the capacity of 
such a plant, aside from a small increase that might be gained 
through crowding, would require a doubling, trebling, or quadru- 
pling of most of the equipment listed, and would effect a correspond- 
ing increase in the volume of wash-dirt treated. 

The sizes of the various machines of a standard plant are indi- 
cated in the flow sheet, and their adjustments and the sizes of the 
screens required for the proper operation of the plant are given 
below. 

The number of revolutions of logs ranges from 12 to 15 per min- 
ute. The amount of water required ranges from 50 to 75 gallons per 
minute. The capacity is 40 to 50 tons per 10 hours. The horsepower 
required to drive the logs is between 20 and 25. 

The number of revolutions of screens ranges from 15 to 20 per 
minute, being approximately the same for cylindrical and conical 
screens of 36 and 48 inches diameter. The power required for driv- 
ing varies somewhat with the feed and the size of material handled 
but is about 1 horsepower. The capacity of the screens of the sizes 
given ranges between 45 and 55 tons per 10 hours for the smaller 
and 50 to 75 tons for the larger. The length of screen for the ordi- 
nary material treated should not be less than 60 inches nor more than 
72 inches, unless a larger number of sizes is desired, in which case it 
might be better to shorten the separate screening surfaces than to 
unduly increase the length of the whole screen. 

The sizes of picking belts that are commonly employed and have 
proved satisfactory for the usual range of work done are from 30 
feet long by 18 inches wide to 50 feet long by 30 inches wide. The 
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speed of the picking belt ranges from 50 to 60 feet per minute. The 
capacity is limited by the character of the work done. If the material 
sorted is largely ore, and the waste rock is fairly coarse, the capacity 
is large; also if the percentage of ore is small and the individual 
pieces are large. On the other hand, if the ore and waste are about 
equal in amount and there is a wide range in sizes, the capacity may 
be small. Occasionally two picking belts are used, one for the coarse, 
the other for the finer materials, but this practice is not desirable. 

The following data are necessary for the proper adjustment and 
operation of jigs: 

Specifications for jigs. 



Width (Inches). 



Length (inches). 



Size of sieve compartments 

Size of plunger compartments. . 



20-24 
18-22 



30-38 
30-38 



1st cell. 2dceU 



3dceU. 4th ceU. 



Size of sieve oi 

Roueherjig 

Sand Jig 

Cleaner jig 

Length of stroked jigs, in Inches: 

Rougher jig 

Sandjig 

Cleaner jig 

Number of strokes per minute: 

Rougher j ig 

Sandjig 

Cleaner jig 



, in fractions pf an inch: 



1 

150 
200 
200 



1* 

1 

150 
200 



f 
1 



150 
200 
200 



150 
200 
200 



Power for 4-cell jig, 2.5 to 3.0 horsepower. 

Power for 3-cell jig, 2.0 to 2.5 horsepower. \ 

Hydraulic water pipes, main pipe 2 inches, branch pipes 1 inch> 

Amount of water used per jig, 350 to 400 gallons per nunute. 

Height of tailboard or dams, 3^ to 4^ inches. 

Slope of bed (sieve) should not exceed 1 inch to length of bed; for heavy mineral bed should be level. 
Slope should be against movement of mineral. 

Drop between tailboards or^dams, 1 inch. 

Height of gate discharge above bed, 2 to 2^ inches, which must be varied to suit conditions and character 
of material treated. 

Jigs must be fed regularly to enable them to work at full or large 
capacity ; therefore jigs receiving the feed directly or indirectly from 
logs usually do unsatisfactory work, for the feeding is irregular and 
does not permit the maintenance of a bed of uniform depth. Fur- 
ther, the feeding of mixed materials, part sandy and part clayey, 
also renders it difficult to keep a full bed ; clayey ores, as they tend 
to clog the jig beds, are preferably cleaned by trommels and jets of 
water. 

If the plant is suitably arranged practically all the materials 
treated may be handled by gravity, but in some circumstances eleva- 
tors are advantageous, for although increasing the cost of equipment 
and the expense of operation they make it possible to have more of 
the apparatus on the same level and therefore more accessible. Ele- 
vators are particularly useful in handling the hutches from the 
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rougher and sand jigs to elevate them to the cleaner jig. Should it 
be found dfesirable to employ a shaking table for reworking the 
hutch products from the cleaner jig, an elevator should be used to 
convey them also. 

It is doubtful whether tables can be used to advantage in the prep- 
aration of the usual run of manganese ore, as outlined above. There 
is, however, a well-defined field for them in treating certain ores, 
such as the low-grade deposits in the Cason shale and the ores in 
which fragments and pebbles of chert are embedded. 

Largely because of an inadequate supply of water, a number of 
attempts have been made to clean manganese ores by dry methods. 
Frobably the most extensive and elaborate equipment is that of the 
Manganese Development Co. installed at the Southern mine. It is 
proposed to separate the ore from the clay and rock fragments by 
passing the material, as excavated, through a revolving drum, in 
which it is thoroughly dried and the clay is pulverized. On being 
discharged from the drum the fine material is removed by a revolv- 
ing screen, which is a continuation of the drum, and the coarse man- 
ganese and waste then pass to a picking belt, where final separation 
is made. The smaller sizes of ore are to be treated on hand jigs. 
This plant has never been operated on a commercial scale, hence no 
definite statement can be made regarding its practicability. 

The water supply for manganese washing and concentrating plants 
is of considerable importance. Many of the workable properties 
are at considerable distance from an available supply. Water is 
usually conveyed from the pumping plant to the washer by a line of 
3-inch to 4-inch pipe, which is sufficiently large for a standard plant. 
The conservation of water by passing it through settling or im- 
pounding ponds usually solves the problem of water supply where 
the quantity of living water is small. Once a plant has been put in 
operation the addition of 25 per cent of the total consumption not 
only provides for the loss by wastage but supplies the needed amount 
of clean water for those parts of the process that require it. 

OENEBAI/ SXTMMABY OF CONDITIONS AFFECTING C0NCENTB.A- 

TION. 

The same care that has been shown to be necessary in prospecting 
and mining should be exercised in planning the erection of a wash- 
ing or concentrating plant, and the factors that have to do with suc- 
cessful operation must be duly considered. 

The principal considerations affecting the cleaning of ores include 
the character and grade of the ore, the recoverable percentage of 
mineral, the relative values of crude and cleaned ore, and the basis 
upon which royalty is paid. 

104569—22 8 
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In addition to the clays and other waste materials considerable 
silica is associated with manganese ores. The silica may be " free " 
or " attached " ; the former can be readily removed by washing oper- 
ations, but the latter is attached to or embedded in the ore and can 
be separated, if at all, with difficulty. 

High-grade ores, particularly if they come from the mine in large 
masses, and soft ore, as wad, should receive the minimum amount of 
treatment that will effect proper cleaning. Low-grade ores usually re- 
quire much more treatment than the high-grade ores, and the amount 
of effort and consequent expense required to increase the value de- 
pend largely upon the constituents responsible for the diminished 
grade. Soft ore, or wad, although of high grade is difficult to clean 
without great loss, due to fines, and the difficulty is increased when 
much fine sand is mixed with the clays and ore. 

The recoverable percentage of mineral in the wash dirt depends 
largely upon the character of the material. As a rule the larger the 
pieces of ore and the higher the grade the more readily is the sepa- 
ration from wastes effected, owing probably to the smoothness of the 
surfaces. Nodular and button ore of small and fairly uniform size 
is readily washed and jigged, but fragments broken from large masses 
and rough particles, resulting from the decay of limestone and possi- 
bly from the partial solution of the manganese, are very difficult to 
clean satisfactorily. Certain clays are readily broken up and sepa- 
rated from the manganese, whereas others become pasty on the addi- 
tion of water and adhere tenaciously to the particles of mineral. 

The relation between the value of crude ore and that of cleaned 
ore may be the deciding factor in determining whether or not a con- 
centrating plant should be erected. A considerable tonnage of low- 
grade ores was shipped from the Batesville district during 1917 and 
1918 and sold at a low price, simply because there was a market for it. 
It is a question whether such ores could not have been raised in grade 
by concentration so as to bring a price that would warrant the erec- 
tion of a concentration plant. The question was not answered by a 
trial, because of the uncertainty as to the extent of the deposits and 
the period in which schedule prices would be maintained. It was 
not deemed advisable to go to any considerable expense on a venture 
that was largely experimental, especially as no assurance could be 
had regarding the future market. 

The grade of ore upon which royalties are assessed has been the 
cause of considerable trouble in different districts, but in the Bates- 
ville district during 1918 royalties were paid on all ores coming 
within the schedule, unless otherwise specified. In future high-grade 
ores only will be subject to royalty charges. 

Careful mining of high-grade ores in well-tested properties will 
be necessary in future operations in the district. The material mined 
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will require either close hand picking or concentration in well- 
designed plants in order to produce a high-grade ore, low in silica 
and phosphorus. With a dependable output of such ore the man- 
ganese industry may be continued for many years. 



MINES AND PROSPECTS. 

By Hugh D. Miser. 

SHABP COUNTY. 

m'leod prospkct. 

The McLeod prospect is on the southeast slope of a ridge on the 
C. C. McLeod tract, 3^ miles northeast of Cave City. It comprises 
two very small pits which have been dug in surficial materials con- 
sisting largely of chert fragments and pebbles. Both pits reveal 
brown iron oxide, and in addition to this oxide one pit reveals a 
small quantity of manganiferous iron oxide. Iron oxide also crops 
out at a few places on the slope. The crest of the ridge at this locality 
is capped by a bed of chert fragments and pebbles, which are doubt- 
less underlain by clay, and the clay is in turn underlain by the St. 
Peter sandstone or the Joachim limestone. 

MOBIEY PROSPECT. 

The Mobley prospect, not visited by the writer, is on the Mary 
Mobley tract, 4^ miles east of Cave City. S. O. Johnson, who has 
done some prospecting on the tract, says that he has taken a few 
tons of low-grade manganese ore out of the openings. Mr. Johnson 
at the time when the writer conferred with him (May 18, 1918) was 
planning to do further work. 

COCHRAN PROSPECT. 

The Cochran prospect is on the Powell Cochran estate, 3^ miles 
northeast of Cave City. Two pits — one 12. feet deep and the other 
4 feet deep — were dug in 1916 in red manganese-bearing clay on the 
north slope, near the crest of a ridge. The total depth of the clay 
was not determined as neither of the pits was dug entirely through 
it. The occurrence of an outcrop of the Joachim limestone in a 
gully somewhat lower on the slope and 100 yards northwest of the 
pits indicates that the clay rests upon this limestone. The St. Peter 
sandstone, which underlies the Joachim limestone, is exposed on the 
steep slope, at the north edge of the field that lies north of the 
pits. 



Digitized by VjOOQIC 



104 MANGANESE ORE IN THE BATESVILLE DISTRICT, ARK. 

The ore was not observed in place in the clay, as the pits 
had caved badly at the time of visit (May 17, 1918), but on the 
dumps a considerable quantity of light earthy manganese oxide in 
fine angular fragments was seen. No analyses of the ore are avail- 
able, but it probably contains a high percentage of silica and alu- 
mina and a low percentage of manganese. 

M. A. ALDRIDQE PROSPECT. 

The M. A. Aldridge prospect is three-fourths of a mile west of 
Cave City and is on the M. A. Aldridge tract, which comprises the 
SE. i SW. i and the SW. J SE. i sec. 18, T. 15 X., B. 5 W. It con- 
sists of two very small pits, which have been recently dug in clay 
on the gentle west slope of a hill. Fragments of brown iron oxide 
and a small quantity of manganese oxide were observed on the dumps 
at the time of visit (May 16, 1918). Although most of the man- 
ganese oxide is intimately mixed with the iron oxide some is free 
from it. The thickness of the clay has not been fully determined. 
It probably overlies the Plattin limestone, of which there are no 
exposures near the pits but there are some in the vicinity. 

K. D. ALDRIDGE PROSPECT. 

The K. D. Aldridge prospect is on the K. D, Aldridge tract in 
the NW. i SW. i sec. 18, T. 15 N., B. 5 W., IJ miles west of Cave 
City. Work was done at this locality in 1917, and 15 to 20 tons 
of " lump " manganese ore is said to have been shipped. The open- 
ings consist of a few pits and cuts as much as 12 feet deep, near the 
top of a gravel-covered hill. After they pass through a few feet 
of gravelly loam they enter a red clay. The manganese ore in- 
cludes porous to compact psilomelane and soft brown earthy wad, 
which were found in both small and large fragments from the sur- 
face to the bottoms of the openings. The total depth of the clay 
has not been determined, as none of the openings passed through 
it and reached the underlying limestone, which is probably the Plat- 
tin limestone. 

The presence of fossil casts in some pieces of the manganese ore 
suggest that it is a residue from the decomposition of a fossiliferous 
limestone — presumably the Fernvale limestone — which may once 
have occurred in this part of the region but which has since been 
decomposed and eroded, leaving its more resistant components. This 
assumption is supported by the occurrence at this locality of boul- 
ders and fragments of porous brown chert like those found in the 
residual clay of the Fernvale limestone farther southwest in the 
Batesville district. 
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MATLOCK MINE. 

The Matlock (usually pronounced Medlock) mine is on land owned 
by Boyd Matlock, in the SE. J sec. la, T. 15 N., R. 6 W., 1^ miles 
west of Cave City. It has been operated by several lessees, beginning 
in 1916, but most of the work on it has been done by George Brewer. 
Altogether 200 tons of " lump " manganese ore have been mined and 
hauled to Pfeiffer, a distance of 10 miles, whence it was shipped. 

The workings, which are pits and cuts as much as 18 feet deep, 
have been dug here and there over several acres in a field that is on 
and near the crest of a low eastward-trending ridge. They penetrate 
a dark-red manganese-bearing clay, whose superficial parts contain 
chert fragments and pebbles. The clay is overlain in places by 
pockets, known as " bars," several feet thick, some of which are com- 
posed almost entirely of chert fragments and others of sand and 
chert pebbles. The chert fragments were derived from the Boone 
chert, which once occurred over all this part of the region, but 
which has long since been entirely eroded, leaving only small areas 
of fragments, which have settled below the original position of the 
formation. The pebbles were derived from an extensive gravel bed 
of Upper Cretaceous or later age, which, like the Boone chert, has 
been completely eroded, except in small areas. 

The red clay rests upon a sticky yellow clay, and this in turn 
rests upon the Plattin limestone, which is exposed in a near-by gully 
and which is said to have been struck in some of the openings. The 
yellow clay is a residue frpm the decay of the Plattin limestone, but 
the occurrence in the red clay of fragments and boulders of porous 
chert like those that occur in the residual clays of the Femvale lime- 
stone farther south and southwest shows that a part of the red clay 
at this locality is a residue from the decay of the Femvale limestone. 
Not only this limestone but the Kimmswick limestone and much of 
the Plattin limestone have been removed, leaving only their insol- 
uble components, and while this process was going on the resistant 
Boone chert, which overlay the limestones, gradually settled below 
its original position. 

The manganese ore consists mainly of psilomelane and hausmann- 
ite, which are more or less intimately mixed, and it occurs as both 
fine particles ("wash ore") and large masses ("lump ore"), which 
are found in leads and pockets in different parts of the red clay from 
the surface to the bottoms of the openings but usually in greatest 
quantity near the chert and the sand and gravel bars. Some of the 
boulders and fragments of porous chert in the clay have been partly 
replaced by manganese oxide. Although the "wash ore" observed 
on the dumps occurs in considerable quantity, only the " lump ore " 
has been mined. The largest yield thus far (May 16, 1918) obtained 
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from any single pocket is said to have been 30 tons. Ore has been 
found over several acres, but the openings show that it occurs in 
greatest quantity in about 2 acres. Like some of the chert in the red 
clay, it is presumably a residue from the decomposition of the Fem- 
vale limestone. The ore that has been shipped is said to have aver- 
aged about 48 per cent of manganese. The following analysis is of 
a carload of ore shipped from this mine in 191T to the Tennessee 
Coal, Iron & Railroad Co. : 

Analysis of manganese ore from the Matlock mine. 

Manganese (Mn) 45.84 

Iron (Fe) 4. 77 

Phosphorus (P) . 19 

Silica (SiOj) 5. 40 

Alumina ( AI2O3) 2. 73 

STORY 3IINE. 

The Story mine consists of a number of openings in the XE. J NE. ^ 
sec. 24 and the SE. i SE. i sec. 13, T. 15 N., R. 6 W., 1^ miles west 
of Cave City. It was formerly owned by J. G. Story but is now 
owned by a firm in Chicago. It was first operated by W. H. Denison 
and H. H. Anderson, beginning in 1916, and was later operated by 
Henry Clark. The total production before the time of visit (May 
17, 1918) was 150 tons of ore, which is said to have averaged 48 per 
cent of manganese. The ore was hauled to Pfeiffer, a distance of 10 
miles, whence it was shipped. 

One of the main openings is a cut 25 feet long, 15 feet wide, and 
10 feet deep, which has been made in a field on the west slope and 
near the crest of a hill in the XE. J NE. ^ sec. 24. It reveals chert 
fragments, derived from the Boone chert, on its south side and red 
clay on its north side. Manganese and brown iron oxides, more or 
less intimately mixed, occur in both large and small masses in the 
clay and in the cherty material. Much of the material contains chert 
fragments. Other though smaller openings show similar ore for 
a distance of one-eighth of a mile east of this cut. The ore at 
all these openings would be classed as a manganiferous iron ore 
or ferruginous manganese ore. It is not a residue from the decom- 
position of the Fernvale limestone and Cason shale, as are most of 
the manganese ores of the Batesville district, but it has apparently 
been formed rather recently in the clay and chert debris. The depth 
and extent of the ore-bearing clay and chert have not been fully 
tested. Although no limestone is exposed in the vicinity the clay 
and chert probably overlie the Plattin limestone or Joachim lime- 
stone. 
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Many pits and outs as much as 15 feet deep have been made in 
an area of about 3 acres, in a field on the crest of a very low, well- 
rounded hill, in the SE. i SE. J sec. 13, just north of the openings 
described above. They have been made by means of picks, shovels, 
plows, and scrapers in a red clay and red sandy clay and in red 
sand in which there are a few chert fragments and boulders. Chert 
pebbles and fragments are present in the surficial parts of the clays. 
The manganese ore consists of hausmannite and compact steel-blue 
psilomelane and occurs as fine particles (''wash ore") and as boul- 
ders, some weighing as much as 1,000 pounds, in the clays from the 
surface to the bottoms of the workings, but the greatest quantity of 
^' wash ore " was taken from the bottom of the largest cut. The ore 
that has been shipped included only the larger masses, which could 
be freed from the clays by hand picking. Xhe firm that had pur- 
chased the property was planning at the time of visit to erect a 
'Washing plant to recover the " wadi ore." 

Like the manganese ore at the Matlock mine and the K. D. Al- 
dridge prospect the ore at the openings just described is a residue 
from the decomposition of the Fernvale limestone. A few frag- 
ments of porous ferruginous chert derived from the Fernvale lime- 
stone occur at this locality. The depth and extent of the ore- 
bearing clays have not been fully determined. Only one opening 
is reported to have passed through the clays and encountered the 
underlying limestone, which is either the Joachim limestone or the 
Plattin limestone. 

INDEPBNDKNCB COUNTY. 

JACKSON PROSPECT. 

The Jackson prospect, not visited by the writer, is on the W. M. 
Jackson farm in the northwest corner of sec. 19, T. 15 N., E. 5 W., 
IJ miles west of Cave City. A pile of about 500 pounds of manga- 
nese ore, which had been taken in 1916 from three small pits, was 
examined at Mr. Jackson's house. It consisted of irregular-shaped 
fragments, some weighing several pounds, of hausmannite and steel- 
blue psilomelane. 

WOODYARD PROSPECT. 

The Woodyard prospect, not visited by the writer, is on the 
Thomas Woodyard tract in the NE. i sec. 19, T. 15 N., R. 5 W., 
half a mile or more southwest of Cave City. It consists of two very 
small openings, which are said to show manganese ore. 
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BALL MINE. 

The Ball mine is on a tract of land owned by Warren Ball, which 
comprises the NE. J NE. i sec. 4 and the NW. i NW. i sec. 3, T. 14 N., 
R. 5 W. It is, half a mile south of Cura Creek, 2 miles east of the 
village of Hickory Valley, and 6 miles northeast of Pfeiffer. It was 
operated from 1914 to 1916 by Henry, Clark, who hand sorted and 
shipped only the " lump ore," and it was next operated by the Ozark 
Mining Co., which installed a small washing plaijt. In 1918 the 
mine was re-leased to Shepherd & Wilson, who operated the, small 
washing plant that had been erected by the Ozark Mining Co. The 
various lessees are reported to have mined and shipped before the 
time of visit — May 18, 1918 — 65 carloads of manganese ore. By 
November, 1918, Shepherd & Wilson had partly completed a 250-ton 
washing plant, equipped with jigs and crushing machinery, but the 

lack of market for do- 
^^' ^^ mestic manganese ores 

at that time soon 
stopped work on the 
property. 

The manganese ore 
has been mined in 
large open cuts as 
much as 30 feet deep 
over an area of 1-J 
acres on a gentle south- 
east slope. It occurs 
in a bed several feet 
thick composed of clay, sandy clay, and friable sandstone. Some of 
these materials are red or yellow, but most of them are brown. This 
bed has been derived from the weathering of the Cason shale. It is 
shown by the openings to be fairly continuous in the worked area, 
and although it once lay in a nearly horizontal position, it now dips 
at different angles at different places (see fig. 7) but in general dips 
to the southeast, toward the base of the hill. The manganese-bearing 
bed is underlain by yellow ocherous clay, which contains a few thin 
beds of soft friable sandstone and lenses of chart as much as 18 
inches thick. These underlying beds are presumably derived from 
the weathering of the Kimmswick and Plattin limestones, which are 
exposed on the hill slope between the mine and Cura Creek half a 
mile to the northeast. . 

In consequence of the decomposition and partial removal of the 
limestones, the overlying Cason shale and higher beds have settled 
below their original positions. The manganese-bearing bed is in 
places overlain by a bed a few feet or more thick composed of red 




Figure 7. — Sketch section in a part of the Ball mine, 
illustrating the occurrence of the ore-bearing clay bed. 
The dashed lines represent the probable former ex- 
tent of the ore-bearing clay, a, Non ore-bearing clay ; 
b, ore-bearing clay. 
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and yellow clays in which angular chert fragments and boulders' 
are embedded. These overlying materials have been derived by 
weathering from the Boone chert, which caps many of the hills in 
the vicinity of the mine, and they have settled below the original 
position of the Boone chert. Some fragments of ferruginous chert 
found near the base of these overlying materials contain well- 
rounded pebble-like masses {Girvanella) about an inch in diameter, 
and they look as if they might represent a silicified phase of the basal 
bed of the St. Clair limestone, which at places, as at the Cason mine, 
contains such masses. 

The manganese ore occurs as thin lenses and veins and as small 
masses which are rather uniformly disseminated through the weath- 
ered Cason shale, much of which it has replaced. Manganese oxides 
have partly replaced also some of the chert both above and below 
the Cason shale. Most of the ore is psilomelane, but part is manganite ; 
some of it has a botryoidal form; and a small part of it contains 
grains of quartz sand. At the west end of the main cut it contains 
enough iron to be classed as a manganiferous iron ore. A few " but- 
tons " of manganese oxide like those at the Cason and Montgomery 
mines, also a few " buttons " of iron oxide, are found here and there 
in the weathered Cason shale. The outlines of similar-shaped " but- 
tons " were observed in some masses of psilomelane ; the psilomelane 
in these masses has replaced the parts of the Cason shale adjacent to 
the '^ buttons." Tests are said to show that the concentrates obtained 
from the ore-bearing material on the dumps, from which the " lump 
ore " has been hand picked, bear the ratio of 1 part of concentrates 
to 4 parts of this material, and that the concentrates obtained from 
ore-bearing material as it comes from the mine bear the ratio of 
1 to 3. The marketed manganese ore is stated to have had an 
average manganese content of 38 per cent and an average iron con- 
tent of 8 per cent; but the silica content, as is indicated by a few 
analyses given below, is high. The treatment of the ore in the new 
plant, which is equipped with jigs and crushing machinery, was 
expected to reduce materially the silica content. The analyses given 
below are of carload lots of manganese ore shipped from this mine. 
The first seven analyses are of ore mined in 1917 by the Ozark 
Mining Co. and shipped to the Tennessee Coal, Iron & Railroad Co., 
and the others are of ore mined by Henry Clark. 

Analyses of manganese ore from the Ball mine. 
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A;nalp»es of manganese ore from the Ball imne — Continned. 
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. At the time of visit the ore was being mined with picks and shovels 
and conveyed in tramcars to the small near-by washing plant, which 
was equipped with a trommel screen and jigs. Water was being 
obtained from a small spring branch at the base of the hill, but plans 
were being made to obtain a more adequate supply from Cura Creek. 

MILLIGAN PROSPECT. 

The Milligan prospect, owned by H. L. Remmel, was not visited 
by the writer. According to report no work has been done on it 
during the last 25 or 30 years. Penrose supplies the following de- 
scription of this prospect : ^^ 

The MiUigan tract is in 14 N., 5 W., section 6, the northeast quarter of the 
northwest quarter, on the northern escarpment of the hills that lie at the head- 
waters of Cave, Coon, and North Dota creeks. A few scattered fragments of 
manganese ore lie on the slopes, associated with loose chert and masses of St. 
Clair [Fern vale or Kimmswick] limestone. Frequently loose masses of a 
bright, glossy iron ore (limonite), of a brown or black color, occur with the 
manganese. 

ELIZA PATTERSON PROSPECT. 

The Eliza Patterson prospect is in the NE. J sec. 1, T. 14 N., R. 6 
W^, 1\ miles west-southwest of Hickory Valley. The principal open- 
ing is a shaft 10 feet or more deep, on the top of a hill, and it was 
partly filled with water at the time of visit (May 9, 1918). The 
material on the dumps and that expose^ above the water in the shaft 
consisted of red and brown clays, parts of which contain many 
angular fragments of chert. Irregular masses and veins of brown 
iron oxide and ferruginous manganese oxide occur both in the cherty 
clay and in the clay that is free from chert. These oxides have 
replaced the clays, and parts of the masses and veins therefore in- 

*" Penrose, R. A. F., jr., Manganese — ^its uses, ores, and deposits : Arkansas Oeol. Survey 
Ann. Rept for 1890, yol. 1» p. 238. 1891. 
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elude chert fragments. Veinlets of barite, which occur as needle-like 
radiating crystals, were observed in some pieces of the oxides on the 
dump. The shaft was dug in 1917, and a small quantity of man- 
ganese ore is said to have been sold. 

A few very shallow pits have been dug through a surficial bed of 
chert fragments and pebbles and then into red clay at other places 
on this tract. Two small piles of psilomelane were observed near 
some of the pits. 

The extent of the manganese-bearing clays at this locality has not 
been fully tested, but the absence of limestone exposures near the 
openings suggests that considerable clay overlies the limestone. 

MILLIGAN-PERBIX PROSPECT. 

The Milligan-Perrin prospect is in the northern part of sec. 11, 
T. 14 N., B. 6 W., one-fourth of a mile south of Coon Creek and 3^ 
miles north-northwest of Pfeiffer. The first work at this locality 
was done about 30 years ago; the next was done by W. H. Denison in 
1917. At the time of visit (May 8, 1918) work was being done by 
George Milligan and Fraink Perrin, the owners. Some ore has been 
removed from the openings and shipped, but the quantity is not 
known. 

A number of pits and cuts, none of which exceed 9 feet in depth, 
have been dug in chocolate-colored manganese-bearing clay, whose 
surficial portion contains chert fragments and pebbles. The clay 
and the manganese ore are a residue from the decomposition of the 
Femvale limestone, of which there are exposures both on the surface 
and in some of the openings. The ore consists mainly of psilomelane 
and hausmannite and occurs as small pieces and large irregular 
masses, not only in the clay but also in the Fernvale limestone. At 
some places it is associated with considerable red iron oxide and fer- 
ruginous manganese oxide. 

SCHLIEPER MINE. 

The Schlieper mine is on the headwaters of Cave Creek, in the SE. 
i NE, i sec. 11, the E. i SE. i sec. 11, the SW. i NW. i sec. 12, and 
the NW. i SW. i sec. 12, T. 14 N., R. 6 W., 31 miles north of Pfeiffer. 
It was operated about 30 years ago by E. H. Woodward & Co., who, 
according to M. W. Reves, an old resident of the region, mined several 
hundred tons of manganese ore. At that time the property was 
known as the Privet tract. Work has been done recently by Gus 
Schlieper, the owner, and 36 tons of ore had been mined and mar- 
keted before the time of visit (May 6, 1918). »Since the writer left 
the region in June, 1918, the property has been sold to the Oklahoma- 
Kansas Mining Co., which has done very little or no work on it. 
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The openings are small and are scattered along the hollow at the 
head of Cave Creek for a. distance of almost half a mile. 

A few pits and shafts as much as 23 feet deep are on the gentle east 
slope just west and south of Mr, Schlieper's house. They pass through 
2 to 4 feet of surficial cherty loam and next penetrate brown clay, the 
upper part of which contains fragments of brown porous chert. The 
surficial chert has been derived from the weathering of the Boone 
chert, which caps the hills in the vicinity, but the brown porous chert 
and the clay containing it have been derived from the weathering of 
the Fernvale limestone. Any undecomposed parts of this limestone 
that may still exist at this locality are probably overlain by consider- 
able clay, for none of the limestone is exposed on the surface and 
none was found in the openings. The full thickness and areal extent 
of the clay have not been determined. The manganese ore consists 
of masses of psilomelane, some weighing as much as 700 pounds, 
which are irregularly distributed' through the clay and through a 
part of the surficial loam. Pyrolusite also occurs in the clay but in 
quantity far too small to be of economic importance. Some of the 
psilomelane has partly or entirely replaced many of the fragments of 
porous chert. The following analysis, supplied by S. W. Deener, was 
made of a sample of ore collected at this place by William Rock : 

Analysis of manganese ore from the SchUeper mine. 

[C. A. Graves, analyst.] 

Manganese (Mn) 63.81 

Iron (Fe) 2.18 

Phosphorus (P) . 128 

The old openings known as the Privet mine are on the east side 
of the narrow valley, about a quarter of a mile south of those de- 
scribed above. They are badly caved, but work has been done in 
some of them recently and a few new openings have been made in the 
vicinity. They ccmsist of open cuts and pits only a few feet deep 
and are in brown, red, and yellow clays, whose surficial portion con- 
tains chert fragments. Although a few outcrops of the Fernvale 
limestone occur in the vicinity, this limestone has doubtless under- 
gone considerable decomposition, thus yielding large quantities of 
clay, but the thickness and areal extent of the clay have not been 
determined. The manganese ore, which consists mainly of psilome- 
lane and hausmannite, occurs irregularly distributed through the 
clay as fine particles (" wash ore") and larger masses (" lump ore"). 
Only the "lump ore " has been mined and shipped. 

A shaft 37 feet deep has been dug near the base of the hill on the 
east side of the valley, about one-eighth of a mile south of the Privet 
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mine. Water which rose in the shaft to a depth of 17 feet stopped 
further work in it. A brown ore-bearing clay was found on one 
side of the shaft and a mass of chert fragments on the other side. 
The shaft is said to have yielded 600 pounds of " lump ore " before 
it was abandoned. 

OZARK MINE. 

The Ozark mine, also known as the Brack Gray mine, is composed 
of three groups of workings on the headwaters of Cave Creek, 3J 
miles north of Pfeiffer. Part of the land on which the mine is sit- 
uated is described by Penrose ^* as the Edward Hunt tract. Mining 
was done at one of these groups of workings about 30 years ago by 
the Keystone Manganese & Iron Co., which mined and shipped one 
or two carloads of ore, and mining was also done at that time at 
another group by E. H. Woodward & Co., who mined and shipped 
two carloads of ore. The next work was done by Brack Gray, be- 
ginning in 1916, and the production by him before the time of visit 
(May 6, 1918) was about 100 tons. After the time of visit the mine 
was sold to the Ozark Manganese Co., of Superior, Wis., which 
operated it for a few months in 1918. 

One group of workings is in and near the head of a hollow in the 
SW. i NE. i sec. 11, T. 14 N., B. 6 W. The hiUs on either side of 
the hoUow are capped with the Boone chert, and their slopes are 
strewn with debris from it at least a few feet deep. The discovery 
of manganese ore in the brown clay beneath the chert debris was 
made in one of several sink holes that caved in ISWfcy 8 or 9, 1882. 
Several shafts as much as 55 feet deep were sunk by the Keystone 
Manganese & Iron Co. near the caved-in sink hole, and a few pits 
and one shaft have been dug recently near the shafts and others at a 
locality 300 feet northeast of them. Some of the pits passed through 
only loose chert debris 2 to 4 feet thick before they reached the 
brown manganese-bearing clay, but other pits and the shafts passed 
through 5 to 30 feet of the Booiie chert in steeply dipping layers 
before they penetrated the manganese-bearing clay. The clay is a 
residue from the decomposition of the Fernvale limestone, the only 
observed exposure of which was in one of the shafts. The decompo- 
sition of this limestone has formed hollows and underground chan- 
nels in it, as is attested by the sink holes, and this removal of sup- 
porting material has caused the Boone chert to settle so as to conform 
with the irregular though clay-covered surface of the limestone. One 
sink hole on the top of the hill shows that the Fernvale has under- 
gone decomposition not only in the hollow but in the hills as well. 
The depth and areal extent of the manganese-bearing clay have, 

w Penrose, R. A. F., Jr., op. cit., pp. 237-238. 
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however, not been fully determined. The manganese ore observed at 
the time of visit consisted of psilomelane and hausmannite and 
smaller quantities of wad. It occurs in the ore-bearing clay and its 
surficial cherty portion as slabs and irregular masses ranging from 
fine particles ("wash ore") to boulders said to weigh 300 pounds. 
After the larger pieces have been picked out by hand the clay is- 
allowed to dry on the dumps and is screened by means of a screen 
with f -inch perforations to recover the pieces of ore above that size. 

The second group of workings, which consists of pits, cuts, and 
shafts, has been dug over an area of about 1 acre ii) the bottom and at 
the base of the slope on the east side of the hollow in the S. ^ NW. i 
sec. 11, T. 14 N., E. 6 W*, almost half a mile west of the workings 
described above. The Boone chert caps the hills on either side of the 
hollow. Debris a few feet thick that is derived from it covers the 
slopes, and wash, also derived from it, has filled the bottom of the 
hollow to a depth of probably 20 feet. Manganese ore at this locality 
was first discovered in brown clay in the bottom of a well beneath 
this chert filling. The openings made by E. H. Woodward & Co. and 
Brack Gray yielded ore from similar clay. The clay is a residue from 
the decomposition of the Fernvale limestone, and although none of 
this limestone is exposed on the surface a few masses of it were found 
in the openings. The manganese ore consists mainly of psilomelane 
and hausmannite and occurs as both " lump ore " and " wash ore." 
Most of the ore shipped from this locality has been " lump ore " that 
has been hand mcked from the clay. The clay after the picking still 
contains considerable " wash ore," and it is dried and screened in 
order to recover some of the smaller pieces of ore. Some of the 
psilomelane contains cracks lined with a film of velvety, wad and a 
small quantity of it has a botryoidal form. X pocket containing 
1 or 2 pounds of pyrolusite was observed in the clay at one place. 
The largest mass of ore thus far discovered is said to have been a 
ledge 6 feet thick and 20 feet long, which yielded 2 carloads of ore. 

The third group of openings, which is farther south, was not 
visited. 

Photographs that have been supplied by W. R. Crane show the 
manganese-bearing clay lying between the Fernvale limestone and 
the folded and shattered ledges of the Boone chert and also show 
the occurrence of large irregular masses of manganese ore in the 
clay at this mine. (See Pis. IX, B, and XVI, B.) 

The first analysis given below is of a carload of ore shipped from 
the Ozark mine in 1917 to the Tennessee Coal, Iron & Railroad Co., 
and the other analyses represent the composition of six carloads of 
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ore that was mined and shipped in 1918 by the Ozark Manganese Co. 
to the Tennessee Coal, Iron & Kailroad Co. 

Analyses of ma^manese ore from the Ozark mine. 
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SEARCT MINE. 

The Searcy mine, also known as the Trent mine, Bill-Jim mine^ 
and Adler mine, is on the headwaters of Cave Creek, in the SE. J 
SE. i sec. 10 and the NE. i NE. i sec. 15, T. 14 N., E. 6 W., 3 miles 
north northwest of Pfeiffer. It was worked between 1881 and 1887 
by E. H. Woodward & Co.,who sunk two large pits to a depth of 20 
feet and a shaff to a greater depth.'^'^ The production by this com- 
pany is reported to have been 1,200 tons of " lump manganese ore." 
The mine was next operated for a few years in the nineties through 
shafts by Simon Adler, who mined and shipped 200 tons of " lump 
ore." The next mining was done by N. A. Adler, the present owner, 
beginning in 1916. The production in 1916 was 325 tons, and in 1917 
it was 850 tons. Most of this production was " lump ore," but part 
of it was dry screened and part was concentrated at a small washing 
plant which is just below the Searcy Spring, southeast of the mine. 
In the spring of 1918 the mine was leased to the Oklahoma-Arkansas 
Oil & Mining Co., and was soon re-leased to the Bill-Jim Mineral 
Co., which erected a log washer. The mine was not operated, how- 
ever, by the latter company, but later in 1918 it was re-leased to 
Logan Elves, who operated it for a short time. 

The workings, which consist of many shallow pits and cuts, tun- 
nels 200 to 300 feet long, and shafts as much as 60 feet deep are on 
the west side of a southward-trending valley, and although they are 
not represented on the accompanying map on account of their 
badly caved condition at the time of visit (May and June, 1918) 
most of them are situated within the areas represented as contain- 
ing proved manganese deposits. (See fig. 8.) The workings pene- 
trate a chocolate-brown manganese-bearing clay after they pass 
through a yellow cherty loam a few feet to many feet thick. This clay 
is said to average 15 feet over the ore-bearing area on the hill north 

w Penrose, R. A. F., jr., op. cit., pp. 232-234. 
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west of the washer and 5 or 6 feet thick in the larger of the two 
ore-bearing areas south of the washer. The clay and the ore that it 
contains are a residue from the decomposition of the Fernvale lime- 
stone. The surface of the limestone overlain by the clay is very 




Contour interval 10 feet 
Datum is mean aea level 



EXPLANATION 



Boone chert 
(Carboniferous) 



St Clair limestone Fernvale limestone Areas containin^r manganese ore 

(Silurian) (Ordovician) deposits as proved by shafts 

tannels, cuts, and pits 



FiQURB 8. — Geologic map of Searcy mine. Surveyed by H. D. Miser with plane table and 
telescopic alidade in June, 1918. A, B, Line of section in flgrure 4 (p. 62). 

irregular. The ledges and boulders of the limestone revealed in a 
few of the openings are gray for the most part, but in places they are 
purjplish red, and some of the limestone contains seams and nodules 
of manganese oxides from one-third of an inch to 3 inches thick. 
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The occurrence of the manganese ore in the limestone and in the 
overlying residual clay is represented in figures 4 and 9. 

Although the Fernvale limestone is thus deeply decayed on the 
west side of the valley, it is but little decayed on the east side, where 
it is exposed in bluflfs and over most of the adjoining hill slopes. The 
Searc}^ Cave, from which the Searcy Spring issues, is in this lime- 
stone. On the east side of the valley the limestone is everywhere 
gray, and neither it nor its scanty residual clay contain any visible 
quantity of manganese oxide. Furthermore, the Fernvale on the 
east side of the valley is overlain by 50 feet of pinkish-gray St. Clair 
limestone, whereas the St. Clair is apparently absent on the west side 
of the valley. The Boone chert caps the 
hills near the mine, and much of it, 
especially on the west side of the valley, 
occurs as loose debris on the slopes or as 
steeply dipping broken beds that have 
settled below their original position to 
conform with the irregular clay-covered 
surface of the limestone. 

Manganese ore has been proved by 
prospecting and mining to occur in min- 
able quantity in the three areas repre- 
sented on the map (fig. 8). Although 
much prospecting has been done outside 
these areas, no other deposits or exten- 
sions of the proved deposits have been 
found, which may be due in part to the 
shallowness of the pits and shafts. The ore consists of psilomelane 
and smaller quantities of hausmannite and manganite and occurs as 
small and large masses irregularly distributed through the clay. Most 
of the masses are irregular in shape; only a few have a botryoidal 
form. The smallest pieces, " wash ore," a fraction of an inch in diam- 
eter, form a considerable portion of the ore-bearing clay. The larger 
masses, " lump ore," some of which have been found weighing 8 to 10 
tons, have been sorted out, and many of the smaller ones, more than 
lialf an inch in diameter, have been separated from the clay and from 
the finer particles by dry screening. Some of the ore-bearing clay 
(" >vash dirt ") from which the " lump ore " had been hand picked has 
been shipped without treatment, and some was, in 1917, treated in a 
small washing plant that was equipped with a trommel screen. Two 
grades of concentrates, classed as " washed ore " and " tailings," were 
obtained at the washing plant. No records were kept to show the ratio 
of material treated to the concentrates recovered. The following analv- 
104569— 22— -9 
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Figure 9. — Section sh awing 
manganese ore in Fernvale 
limestone (5) and in the 
overlying residual clay (a) 
at the Searcy mine. The un- 
shaded masses in the clay, 
near the top of the section 
represent chert fragments. 
(After Penrose.) 
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ses represent the composition of carload lots of these different classes 
of ore: 

Analyses of manganese ore from the Searcy mine. 
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1. "Lump ore" shipped in 1S97 to the Carnegie Steel Co. 

2. "Wash dirt" from dumps. 

3. "Tailings" from washer, shipped in 1917 to the Tennessee Coal, Iron & Railroad Co. 

4. "Washed ore" from washer, shipped in 1917 to the Tennessee CoaL Iron & Railroad Co. 
5-8. "Screened ore" shipped in 1917 to the Tennessee Coal, Iron & Railroad Co. 

9-20. "Lump ore" shipped in 1917 to the Tennessee Coal, Iron & Railroad Co. 

MATHENY MINE. 

The Matheny mine is on the north side of Cave Creek, near the 
line between sees. 11 and 14, T. 14 N., E. 6 W., 2f miles north of 
Pfeiffer. The land is owned by Mrs. E. Diener, and work has been 
done by I. J. Matheny, the lessee, beginning in February, 1918. 
About 30 tons of manganese ore had been shipped before the time of 
visit (May 10,1918). 

A cut trending northwestward and one trending northeastward, 
each 75 feet long, which connect in a T, have been excavated to a 
maximum depth of 12 feet in yellow, red, and brown clays on a gentle 
south slope, and a tunnel 10 feet long has been driven in similar days 
in the side of one of the cuts. Many pebbles and fragments of chert 
occur in the surficial parts of these clays, and a few chert fragments 
occur in other parts of them. Masses of psilomelane which range in 
size from fine particles to boulders weighing 500 pounds are irregu- 
larly distributed through the clays from the surface to the bottom of 
the workings and how much deeper they extend has not been deter- 
mined. Although the clays are a residue from the decomposition of 
limestone no limestone was found in the workings, and none is ex- 
posed near by on the surface except to the southeast, in the north 
bank of Cave Creek, which is 55 feet below the bottom of the cut. 
Wad is associated with the psilomelane, and some of the chert frag- 
ments in the clays have been partly replaced by manganese oxide. 
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DTJNEGAN PROSPECT. 

The Dunegan prospect is on a steep northwest hill slope on the 
south side of Cave Creek, in the SW. i NE. i sec. 14, T. 14 N., E. 6 
W., 2J miles north of Pfeiffer. Some work was done here 25 or 30 
} ears ago. Later work has been done at several times, beginning in 
November, 1917, by different persons, including J. G. Keppler, I. J. 
^latheny, and D. C. Dunegan, who is the present owner and operator. 
The production by these operators is said to have been 30 tons before 
the time of visit (May 10, 1918). 

The workings consist of several shallow pits and cuts and a" drift 
30 feet long. They extend along the hill slope for about one-eighth 
of a mile and have been dug in chocolate-colored clay, whose surficial 
portion contains chert fragments and pebbles. 

The clay is a residue from the weathering of the Fernvale lime- 
stone, of which exposures are common both on the surface and in the 
workings. The manganese oxides, wad and psilomelane, are found 
in the clay, and manganese oxide has partly replaced a few l^rge 
boulders of porous chert. 

BAI^S MINE. 

The Bales mine is 2i miltes north-northwest of Pfeiffer and con- 
sists of two groups of openings on a tract of land which comprises 
the W. i NW. i sec. 13, and the SE. i NE. i sec. 14, T. 14 N., R. 6 W. 
It was operated about 1909 by the Oliver Iron Mining Co., the owner, 
and the production at that time is reported to have been 200 tons of 
manganese ore. The mine has been idle since then. 

Only one of the groups of openings was visited by the writer. It 
comprises pits, cuts, a tunnel 60 feet or more long, and a shaft 20 feet 
deep connecting the back end of the tunnel with the surface. These 
openings have been made within about an acre on the southeast point 
of a low southeastward-trending spur. After they passed through 
the surficial chert debris, which is shown in the shaft to be 10 feet 
thick, they penetrated a dark-colored porous, soft though firm wad, 
through which irregular masses of braunite are scattered. The wad 
shows a thickness of about 15 feet in the shaft and in the tunnel. In 
fact, most of the tunnel and side drifts are in it. It would likely con- 
tain between 20 and 30 per cent of manganese after the larger masses 
of braunite were separated from it. 

MOYER MINE. 

The Moyer mine is on the south side of Cave Creek, in the SW. i 
sec. 14, T. 14 N., R. 6 W., 2J miles north-northwest of Pfeiffer. It 
was worked on a small scale 25 to 30 years ago, and it was next 
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worked in 1916 by S. N. Givens, who mined 30 tons of manganese ore. 
Since 1916 it has been worked by A. W. Moyer, the owner, who had 
mined 50 tons of ore before the time of visit (May 10, 1918). Since 
the time of visit the mine has been purchased by P. J. Concannon,. 
who did some work in it but shipped no ore. 

The openings, which are small pits and cuts, short tunnels, and 
shafts as much as 35 feet deep, have been dug here and there over 
an area of about 5 acres on the lower part of a steep southwest hill 
slope. After they pass through a few inches to 15 feet or more of 
chert debris or of chert in steeply dipping layers they penetrate 
red and chocolate-colored clays, through which masses of manganese 
oxides varying in size from fine particles to boulders weighing 500 
pounds are irregularly distributed. The clays as well as the man- 
ganese oxides are a residue from the decomposition of the Fernvale 
limestone, which is not exposed on the surface but which was found 
in some of the openings. They contain a few boulders and ledges of 
porous brown chert, which are partly replaced by manganese oxide. 
The marketed manganese ore comprised a high-grade ore, consisting 
mainly of psilomelane but partly of hausmannite, both hard minerals, 
and a low-grade ore, consisting of the soft mineral, wad. 

SILBERSTEIN PROSPECT. 

The Silberstein prospect consists of pits and cuts made at different 
places on the Mrs. Searcy tract, in sec. 14, T. 14 N., R. 6 W., 2 J miles 
north-northwest of Pfeiffer. It was being operated at the time of 
visit (June 26, 1918) by E. A. Silberstein, the owner. The produc- 
tion before that time is said to have been 25 tons of manganese ore. 

An east-west cut 100 feet long and a few feet deep has been. dug 
in chocolate-colored manganese-bearing clay, on the northwest slope 
of a hill, in the NE. J SW. J sec. 14. This clay contains large and 
small masses of hard and soft manganese oxides, and it overlies the 
irregular surface of the Fernvale limestone, which is revealed at 
places in the cut. Several other openings as much as 20 feet deep 
have been made on the southwest slope of a hill in the NE. i SW. } 
sec. 14, and they have yielded ore similar to that at the cut described 
above. These openings are just northwest of the Moyer mine. A 
pit by the roadside, southeast of the last-described openings, reveals 
the presence of chocolate-colored manganese-bearing clay. Several 
very shallow pits have been dug in cherty manganese-bearing clay, 
on the west point of a hill near the east side of the Mrs. Searcy tract, 
but the clay is probably thin, as outcrops of the Fernvale limestone 
are numerous. The ore observed at these pits at the time of visit 
consisted of small fragments of braunite. 
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The openings described above prove the presence of manganese 
ore on this tract, but further prospecting will be required before any 
reliable estimate of available tonnage can be made. 

J. A. REVES MINE. 

The J. A. Reves mine is on the south side of Cave Creek, in the 
NW. i sec. 23, T. 14 N., E. 6 W., 2 miles north-northwest of Pfeiffer, 
and is on land whose agricultural right is owned by J. N. Smith and 
whose mineral right is owned by J. A. Reves. It was operated be- 
tween 1890 and 1895 by M. W. Reves for the Keystone Manganese & 
Iron Co., which mined and shipped 300 tons of hand-picked " lump ^^ 
manganese ore that is said to have contained between 45 and 48 per 
cent of manganese. It then lay idle until April, 1918, when work 
was begun by J. A. Reves, who had mined only a few tons before tho 
time of visit (May 10, 1918). 

The workings, which consist of shallow pits, have been dug in 
brown and red manganese-bearing clays over an area of a few acres. 
On the east hill the clays are overlain by a few feet or more of chert 
either as loose debris or as steeply dipping layers, and they overlie 
the irregular surface of the Fernvale limestone, of which there are 
a few exposures in the vicinity of the workings. On tlie west hill, 
where most of the shipped ore has been mined, the chert overburden 
is thinner, and exposures of the Fernvale limestone are more numer- 
ous. The manganese ore occurs as both small and large masses ir- 
regularly distributed througli the clays. Many of the masses are com - 
pact and hard and inchide psilomelane and . hausmannite ; but some 
of them consist of soft though firm wad, are porous, and contain con 
siderable clay. . 

HENLEY MINE. 

The Henley mine is in the S. J NW. i sec. 14, T. 14 X., 11. G W., 
2J miles north-northwest of Pfeiffer. It was worked about 30 years 
ago by the American Manganese Co. and the Keystone Manganese 
& Iron Co. The quantity of ore mined and shipped by these two 
companies is not known. The next work was begun in May, 1917, by 
A. S. Wilson, who was succeeded in the fall of 1917 by the Bates- 
ville Commercial Mining Co. The operator at the time of visit 
(May 10, 1918) was George Reves, but he has since been succeeded 
by Barbee & Malsbury. The total production from May, 1917, to 
May, 1918, is said to have been about 25 tons. 

The workings are on steep south and west hill slopes. Those 
on the south slope are shallow cuts and inclined drifts as much as 
30 feet long and are partly in clay and partly in chert overlying 
the top of the Fernvale limestone. They are aU about 150 feet above 
Cave Creek, and they extend along the slope for a distance of almost 
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500 feet. The Fern vale limestone is exposed in some of them, and 
it is overlain by 6 to 12 inches of chocolate-colored clay, which 
in turn is overlain by a few inches to 3 feet of shaly red, yellow, 
and brown clay. These clays are in part a residue from the decom- 
position of the Femvale limestone and in part from the decomposi- 
tion of a bed of shale overlying it, and they contain pockets and 
lenses of psilomelane, hausmannite, and wad. The ore-bearing 
clays and the overlying Boone chert dip in different directions at 
different places, to conform with the irregular limestone surface 
that has been produced by the partial decomposition of the lime- 
stone. At one place 1 to 2 feet of the highest part of the Femvale 
limestone has been largely replaced by iron and manganese oxides. 
The largest opening on the west slope of the hill is 75 feet long 
north and south and reveals the following section : 

Section in cut at Henley mine. 

Boone chert : ^t. in. 

Thill beds of chert lying horizontal ' 12 

YeUow platy clay with a thin layer of greenish-gray 
earthy limestone at the base 2 

Conglomeratic ferruginous earth ; rests upon slightly 

irregular surface of Fern vale limestone 1 4 

Fernvale limestone: 

Rusty limestone; contains thin seams and Irregular 
masses of manganese oxides Few feet. 

Four or five Carloads of manganese ore is said to have been mined 
imd shipped from this cut about 30 years ago, but no work has been 
done in it recentl}'. The ore was mined from clay, and both clay 
and ore are obviously residues from decomposition of the Fernvale 
limestone. 

Several badly caved pits and shafts farther north and lower on the 
slope of the west hill show the occurrence of manganese ore in both 
small and large masses in clay which is overlain by considerable 
chert debris that has rolled or settled down the slopes. 

The following analyses, supplied by E. A. Silberstein, the trustee 
of the mine, show the composition of samples of the manganese ore 
from the openings on the south slope of the hill : 

Analyses of manganese ore from Uvnleii mine. 
[C. A. Graves, analyst.] 



Manganese ( Mn) 65. fi5 

Iron(Fe) 2.30 

Phosphorus (P) , .107 

Silica (SiOj) i 6.20 



44.56 
8.86 

.187 
4. Li 



1. Selected specimen. 

2. Average sample from seven pits. 
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G. A. WILSON MINE. 

The G. A. Wilson, mine, formerly known as the Lone Star mine, 
is in the NW. i NW. i sec. 14, T. 14 N., E. 6 W., 2| miles north- 
northwest af Pfeiffer, and is just north of the Henley mine. It was 
operated 30 years ago by the American Manganese Co., and a few 
years later by the Keystone Manganese & Iron Co., both of which 
shipped several hundred tons of hand-picked " lump " manganese 
ore. Work has been done at different times in recent years by sev- 
eral persons, but the quantity of ore mined by them has been small. 

The workings are on a steep west hill slope and extend from the 
base of the hill 100 feet or more up the slope. They consist of one 
large cut, several small cuts, and a few shafts as much as 27 feet 
deep, all badly caved at the time of visit (May 10, 1918). They 
penetrate manganese-bearing clay, which is overlain by a few inches 
to several feet of chert debris. Although this clay and the man- 
«ranese ore it contains are residues from the decomposition of the 
Femvale limestone no exposures of this limestone are observed in 
the openings, and none occur on the surface near them. The man- 
ganese oxides observed on the dumps are psilomelane and haus- 
mannite, which occur in particles a fraction of an inch in diameter 
(" wash ore ") and in larger masses. 

M. W. REVES PROSPECJT. 

The M. W. Eeves prospect is on the north side of Cave C^eek, in 
the N. i sec. 15, T. 14 N., R. 6 W., 2f miles north-northwest of 
Pfeiffer.. A few very shallow pits have been dug in cherty, clayey 
loam on and near the south point of a hill, and from them altogether 
not more than 2| tons of manganese ore have been taken out and 
shipped. If they had been dug deeper they would have doubtless 
penetrated manganese-bearing clay that is free from chert frag- 
ments. The presence of only a few outcrops of the Fernvale lime- 
stone on the slopes and of a sink hole on the crest of the hill indi- 
cate that this limestone has undergone extensive decomposition, 
which has yielded a considerable quantity of such clay. The few 
pieces of manganese oxide found on the dumps at the time of visit 
(May 14, 1918) consisted of hausmannite, psilomelane, and soft 
though firm wad. 

G. D. REVES TRACT. 

The G. D. Eeves tract comprises the N. i NE. J sec. 22, part of 
the NE. i NW. i sec. 22,- and part of the S. i SE. i sec. 15, T. 14 N., 
R. 6 W., 2i miles northwest of Pfeiffer. No prospecting has been 
done on the tract, but pieces of steel-blue psilomelane, some of which 
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^veigll 3 or 4 pounds, have been found on the edge of a low terrace 
on the north side of Cave Creek. These pieces, like the chert frag- 
ments and pebbles which occur in the loam underlying the terrace, 
were carried to their present position by Cave Creek when its channel 
was higher than it is now. 

Small masses of iron oxide were observed by the writer on the 
surface on the hill slopes south of Cave Creek, but no manganese 
oxide was observed. The hills are capped by the Boone chert, and 
the Fernvale, Kimmswick, and Plattin limestones are exposed at 
a few places on the slopes, but at most places they are overlain by 
clay whose surficial portion contains chert fragments. 

OLIVER IRON MINING CO.'s PROSPECT. 

The Oliver Iron Mining Co.'s prospect is on the north side of Cave 
Creek, 2 J miles northwest of Pf eitfer and is in either the NE. J NW. J 
Sec. 22 or the SE. i SW. i sec. 15, T. 14 N., E. 6 W. It consists of 
a few badly caved shallow cuts and some shafts, as much as 60 feet 
deep, dug many years ago at different places over an area of 
about an acre on the lower part of the east slope of a hill. They 
penetrated a chocolate-colored clay which is overlain at the surface 
by chert debris. This clay is a residue from the weathering of the 
Fernvale limestone and possibly the Kimmswick and Plattin lime- 
stones, but none of these limestones are exposed on the surface near 
the openings. The only manganese ore observed at the time of visit 
consisted of fine particles of psilomelane and hausmannite, which 
occur in considerable quantity in the clay. 

MARTHA THOMPSON MINE. 

The Martha Thompson mine is in the SW. i SW. i sec. 15, T. 14 N., 
K. 6 W., on the east slope of a hill north of Cave Creek, 3 miles north- 
west of Pfeiffer. It was first worked 30 years ago by M. W. Reves, 
who says that he mined and shipped nine cars of manganese ore, and 
it was next worked by Capt. Vance, beginning in the fall of 1917. 
but the production by him before the time of visit (May 11, 1918) 
was only 12 tons. The workings consist of a few shallow pits and 
cuts that have been dug in chocolate-colored manganese-bearing clay. 
This clay lies in channels and hollows in the Fernvale limestone, of 
which there are a few exposures, and is overlain by a few inches 
to several feet of chert debris. Manganese ore occurs in the clay 
both as fine particles and large masses. The larger masses have 
been hand picked from the clay and shipped, but the smaller particles 
have been left in the clay on the dumps. The small particles observed 
at the time of visit consist mainly of psilomelane and hausmannite. 
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CLIMER PROSPECT. 

The Climer prospect consists of three openings made in 1917 by 
Captain Vance on a northeast hill slope in the NW. J SW. i sec. 15, 
T. 14 N., E. 6 W., 3 miles northwest of Pfeiffer. One of the openings, 
a shaft, passed through 5 feet of clay containing chert fragments 
and then penetrated to a depth of 20 feet a chocolate-colored clay 
in which masses of hard manganese oxide are said to have been found. 
A north-south cut 30 feet long and a tunnel 10 feet long running 
from the south end of the cut have been dug in mealy manganif erous 
brown to black clay (wad), which is mixed with much red clay and 
many chert fragments at and near the surface. Another cut 20 feet 
long is in similar manganiferous clay (wad), which is concealed at 
the surface by red clay containing chert fragments. Masses of hard 
manganese oxides were found in the manganiferous clay. Most of 
these masses observed on the dump at the time of visit (May 11, 1918) 
were composed mainly of compact psilomelane, but some of them are 
porous and contain considerable clay. Manganese ore is said to have 
been plowed up in a field on the hill slope below the openings. 

The absence of limestone exposures on the surface in this vicinity 
and the fact that no limestone was found in the openings suggest that 
the underlying limestone is concealed by a thick covering of clay, but 
prospecting has not been extensive enough thus far to determine its 
depth and areal extent or the quantity of manganese ore it contains. 

WALTER CHINN PROSPECTS. 

The Walter Chinn prospects are on the Walter Chinn tract, 2^ 
miles west-northwest of Pfeiffer, which comprises the W. i NW. i 
sec. 22, T. 14 N., E. 6 W. Some work was done on this tract 15 to 20 
years ago and some within the last few years, but very little alto- 
gether. A cut a few feet deep has been dug recently in chocolate- 
colored clay on the gentle south slope of a hill north of Cave Creek, 
and it is said to have yielded a ton of " lump " manganese ore. The 
total depth of the clay is not known, for the cut and a few old badly 
caved cuts near by do not appear to have passed entirely through it. 
No limestone is exposed in the vicinity of the cuts, but the occurrence> 
of outcrops of the Fernvale limestone at about the same elevation 
a quarter of a mile northeast and almost half a mile southwest 
suggests that this limestone underlies the clay. The clay is overlain 
by a cherty loam which in places is several feet thick. 

A northwestward-trending cut 60 feet long and a few feet deep 
is on the southwest side of a small hollow one-eighth of a mile south of 
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Cave Creek and 140 feet above the creek. It has been blasted in 
horizontal rock beds, of which the following section was measured : 

Section in cut on Walter Chinn tract. 
Boone chert: 

Massive chert interbedded with a small quantity Feet. 

of clay_- - 6 

Red clay containing a few chert layers 1^2^ 

Hard, compact, greenish-gray limestone _'_ Fewinches-2* 

Weathered shale ; contains nodules that appear 

to be phosphatic Few inches. 

Femvale limestone : 

Cross-bedded gray limestone ; contains very small 
pockets and lenses of manganese oxide near 
the top ; at the northwest end of the cut the 
limestone is red and contains red iron oxide 
and hausmannite and thin veins of calcite 4 

The hausmannite and iron oxide mentioned in the above section 
have only partly replaced the Fernvale limestone, and for this reason 
fragments of these oxides contain more or less calcium carbonate. 
After almost one carload of manganese-bearing limestone had been 
quarried the manganese content of the limestone became too low for 
further mining to be profitable. The manganese-bearing limestone 
at this locality is similar to that at the W. A. Chinn cut, which is 
described on pages 130-131. 

o'flinn prospect. 

The O'Fliim prospect is on the T. J. Walbert tract, in the SW. J 
NE, i sec. 22, T. 14 N., R. 6 W., 2J miles northwest of Pfeiffer, in a 
depression on the southwest slope of a hill. The depression is 
circular, from 150 to 200 feet in diameter, and is surrounded by steep 
slopes except on its southwest side. A few tons of ferruginous man- 
ganese ore have been removed from shallow pits. Some of these 
pits reveal 3 feet or less of brown weathered Cason shale which 
contains "buttons" and shaly masses of ferruginous manganese 
oxide and iron oxide and some pits reveal ledges of the Fernvale 
limestone that are blackened with asphalt and that contain veinlets 
and small pockets of asphalt. A soft manganese oxide found in one 
pit contains many doubly terminated quartz crystals which are a 
fraction of an inch in their longest dimension. 

A shaft at this locality is described by Penrose as follows : ^* * 

A shaft was once sunk in the St. Clair [Fernvale] limestone here in search 
of gold and silver but has been abandoned. It is now mostly filled with water 
but is said to be 103 feet deep. Many masses of a pink St. Clair [Femvale] 
limestone, containing inclusions of red and green clay and cavities lined with 
crj-stalline quartz and white calcite, are on the dump. Veins of calcite also 
traverse the limestone bed, but the rock from which the gold and silver is 

™ Penrose, R. A. P., jr., Manganese — its uses, ores, and deposits : Arkansas Geol. Sur- 
vey Ann. Rept. for 1890, vol. 1, pp. 231-232, 1891. 
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said to have been taken is a hard, massive, dun-colored quartz, of a somewhat 
trranular structure, frequently containing small cavities lined with red, trans- 
parent quartz crj-stals. This rock is said to have lain almost horizontally 
and to have been 18 inches in its thickest part. It probably represents a len- 
ticular bed in the St. Clair [Femyale] limestone. 

The Fernvale limestone crops out in heavy ledges on the steep 
hill slopes that partly surround the circular covelike depression at 
this locality, and the Kimmswick and Plattin limestones crop out 
as heavy ledges on the steep slope and in the bluff southwest of it. 
The Cason shale described above is present only in the depression, 
and as it occurs lower than tlie beds of Fernvale limestone exposed 
on the hill slopes that partly surround the depression it is not in 
place. Both it and possibly some of the limestone beneath it ap- 
parently represent the roof of an old cave that has fallen in. 

WALBERT MINE. 

The AValbert mine is 2 miles northwest of Pfeiffer, on the T. J. 
Walbert tract, which comprises the S. i NE. J and the SE. J NW. J 
sec. 22, T. 14 N., E. 6 W. Work has been doiie here beginning in 
August, 1917, by Capt. Vance and later by the Vance Mining Co., 
of which Capt. Vance became a member. The production before 
the writer's visit (May 13, 1918 y was two cars of manganese ore, 
one of which, according to Capt. Vance, contained soft low-grade 
ore with 30 per cent of manganese and the other a hard high-grade 
ore with 55 per cent of manganese. 

The mine consists of two openings ; one of these, a cut by the road- 
side at the base of a steep hill slope, has a face 15 feet high at its 
inner end, and a shaft 30 feet deep has been sunk from it. The cut 
and shaft together reveal a thickness of 25 feet of brown to black 
soft, friable, mealy manganiferous clay (wad), through which hard, 
compact masses composed mainly of psilomelane are scattered. The 
firmer and more earthy parts of this clay and the masses of hard 
manganese oxides are hand picked during mining and are shipped 
separately as low-grade and high-grade ores, respectively. Tile clay 
is overlain at the surface by a few feet of red loam containing chert 
fragments, and on one side of the cut it is overlain by a pocket of 
quartz sand in which there are pebbles and fragments of chert. The 
following analysis, supplied by Capt. Vance, represents the composi- 
tion of a 10-pound sample of the hard ore from this locality : 

Analysis of manfjaticse ore from the Walbert mine. 
[Roger Brown, analyst.] 

Manganese (Mn) 59.04 

Iron (Fe) 1.19 

Phosphorus (P) : .113 

SUica (SiOa) .82 

Ahuniniim (Al) 1.13 
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Another cut, having a face of 10 feet, is on the hill slope 400 feet 
northwest of the one just described. It reveals 3 to 4 feet of sur- 
ficial cherty loam, below which is a manganiferous clay (wad) and 
masses of hard manganese oxides, whose character and occurrence 
are the same as they are in the cut and shaft to the southeast, except 
that much braunite in fine crystals is disseminated through parts of 
the clay at this locality. An analysis of a sample of this clay, fur- 
nished by Capt. Vance, shows that it contains 35.65 per cent of 
manganese. 

A few very small pits that have been dug on the hill slope between 
the two cuts just described reveal the presence of chocolate-colored 
manganiferous clay. 

Although no limestone is exposed on the surface or in the open- 
ings at this locality the elevation and character of the manganiferous 
clay indicate that the clay overlies the Fernvale limestone, from 
which it has been derived by weathering. The total thickness of the 
clay and its areal extent have not been determined. 

ADLER MINE. 

The Adler mine, also known as the Section Sixteen mine, consists 
of a number of openings at places in and near sec. 16, T. 14 X., 
R. 6 W., 3J miles northwest of Pfeiffer and 5^ miles north of Bates- 
ville. A little work was done here about 30 years ago by E. H. Wood- 
ward & Co., and 15 tons of ore is said to have been mined and 
shipped.^^ It has been operated from time to time within the last 
20 years — ^first by Simon Adler, the former owner, and later by N". A. 
Adler, the present owner — and has produced several hundred tons 
of manganese ore. Since the time of visit (June, 1918) the National 
Manganese Co., the present lessee, is reported to have installed a 
steam shovel to mine the larger pieces of ore, and will also determine 
the available quantity of fine ore that can be recovered by means of 
a washing plant. 

The Adler mine is in a rough, hilly area not unlike most of the 
surrounding region in which manganese deposits are found. The 
hills are capped by the Boone chert, and at different places on their 
slopes the Plattin, Kimmswick, and Fernvale limestones are ex- 
posed. These rocks have disintegrated more or less at diflferent 
places, leaving their residual materials on their irregular surfaces. 
The clays that are residual from the limestones are overlain by 
chert fragments, derived from the Boone chert, or by pockets of 
sand and by many well-rounded pebbles. Some of the clay, as 
shown by the presence of manganese "buttons" in it, is a residue 

'^ Penrose, R. A. F., jr., op. cit., p. 232. 
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from the decomposition of the Cason shale, but this shale is not 
present everywhere in this vicinity. Although most of the manga- 
nese ore that has been shipped has been mined from these clays, ore 
has been quarried from beds near the top of the Femvale limestone. 
The ore in the clays and much of the clays themselves are resid- 
ual from the weathering of the Fernvale limestone and Cason shale, 
iind the ore found in clays that rest upon the Plattin and Kimms- 
wick limestones has simply settled farther down the hill slopes than 
the ore that is in the clays that rest upon the Femvale limestone. 

Several cuts as much as 20 feet deep have been made on the east 
and west sides of a hollow on or near the south line of sec. 16, half 
it mile north of Cave Creek, and one tunnel 30 feet long has been 
<lriven here. They penetrate chocolate-colored clays, in which both 
large and^ small masses of manganese oxides occur. These clays 
overlie the Fernvale, which is exposed both in the openings and on 
the surface. Some of this limestone contains enough manganese 
to make mining profitable, and such material is known as " rock." 
Fragments of this material observed on the dump at the time of visit 
(May 13, 1918) contained a brown translucent manganese silicate, 
which has not yet been identified. A small quantity of white barite 
occurs as large crystals in some of this mineral. A pile containing 
about 1,000 pounds of " lump ore," which had been hand picked from 
the clay, was observed at the thne of visit; it consisted of irregu- 
lar slabs of coarsely granular hausmannite and a small quantity of 
psilomelane. 

A number of other openings are on the points of 3 or 4 hills far- 
ther north and northwest. They penetrate to a depth of several feet 
red and brown clays, in which hard oxides of manganese usually 
occur as irregular masses, both large and small, but in some of the 
openings the clays contain " buttons " of psilomelane like those at 
the Cason and Montgomery mines. The gentleness of some of the 
bill slopes and the absence of limestone outcrops on them suggest 
that the manganese-bearing clays may occur in considerable quan- 
tity in these slopes. Most of the clays overlie the Plattin lime- 
stone, of which there are many exposures on the lower parts of the 
slopes, and although the Kimmswick and Fernvale limestones are 
not exposed some of the clays probably overlie these limestones. 

According to N*. A. Adler, 15 tons of hand-picked " lump ore " 
with 50 per cent of manganese and 55 tons with 33 per cent of man- 
ganese was shipped from this mine in 1915 ; in 1916 the production 
was 90 tons with 50.69 per cent of manganese; and in 1917 it was 
100 tons averaging 47 per cent of manganese and 150 tons with less 
than 40 per cent of manganese. In addition, 100 tons of manganese- 
bearing limestone was shipped during these years. The following 
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analyses, supplied by Mr. Adler, are of carload lots of manganese ore 
from this mine : 

Analpses of manganese ore from the Adier mine. 





1 


2 


3 


4 


5 


6 

51.35 
3.91 
.16 
3.35 
2.77 


7 


8 


9 
29.16 


10 


Manganese (Mn) 

Iron(Fe) 


51.51 

2.40 

.137 

7.30 


52.13 
3.70 
.176 
4.65 


56.03 

1.20 

.132 

2.05 


57.20 
2.01 
.120 
1.70 


58.697 
1.417 
.094 
.75 


36.15 
10 

8.50 


30.90 
9.U 


■ 

21.52 


Phosphorus (P) 

Silica (SiOa) 






7.61 






Alumina (AljOs) 






Calcium carbonate 
(CaCOs) 










' 


25.30 
2.10 








Moisture 


1.30 




.70 




1.25 




















1-3. "Lump ore" shipped in 1897 by Simon Adler to the Carnegie Steel Co. 

4. " Lump ore" shipped in 1899 by Simon Adler to the Carnegie Steel Co. 

5. Two cars of "lump ore," shipped in 1901 by Simon Adler to the Carnegie Steel Co. 

6. "Lump ore" shipped in 1917 by N. A. Adler to tlie Tennessee Coal, Iron & Railroad' Co. 

7. Ore known as "rock," shipped by N. A. Adler. 
8-10. Low-grade soft ore shlppad by N. A. Adler. 

W. A. CIIINN CUT. 

The W. A. Chinn cut is on the W. A. Chinn tract, in a hollow on 
the north side of Cave Creek, in the NE. i sec. 21, T. 14 N., R. 6 W., 
3 miles west-northwest of Pfeiffer. The mine was operated by S. W. 
Deener in 1915 and by W. H. Denison and N. A. Adler in 1916. The 
total production by these operators was 400 tons. 

The cut is on a steep slope on the east side of the hollow and 60 
feet above the bottom of the hollow ; it is a few feet deep and 125 
feet long north and south. It was blasted in rock beds which lie 
horizontal, and it reveals the following section : 

Section in W. A. Chinn cut. 

Feet. 
Boone chert: 

Thick-bedded gray chert and cherty gra>' lixoestone 3 

Fine-grained gray limestone; contains small nodules of 

phosphate rock . 3 

Platy red and green shale; contains soft dark-colored peb- 
ble-like masses, which may be phosphntic Few Inches to 1 

Fernvale limestone: 

Ferruginous and manganiferous fossiliferous limestone; 
red in parts and dark gray in others. Calcareous oolites 
and pebbles occupy small fissures and pockets in the 
upper part of the limestone ^ 7 

Hausmannite and a smaller amount of iron oxide have partly re- 
placed the Fernvale limestone. These minerals in places form only 
a small part of the rock and in others form the larger part of it, but 
no specimens were found that were entirely free from calcium car- 
bonate. One specimen observed at the time of visit contains a pocket 
L incli in its longest dimension, composed of white barite and pink 
fine-grained manganiferous calcite (manganocalcite). The parts of 
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the limestone that contained the largest percentages of manganese 
have been quarried and shipped. Of the beds exposed in the cut in 
1918, a 2-foot bed at the top of the limestone reveals the most haus- 
mannite. The analyses given below are of carload lots of manganese 
ore shipped from this mine. No. 3 is said to represent approximately 
the average composition of the marketed ore. 

Analyses of manganese ore from the W, A, Chinn out. 



Manganese (Mn) 

Iron(Fe) 

Phosphorus (P) 

Silica (SiOs) 

Calcium carbonate (GaCOa) 
Moisture 



17.24 

7 
.44 

3.60 
52.70 

1.60 



36.15 
10 
.54 

8.50 
25.30 

2.10 



24.65 

9.20 

.58 

4.90 

32.83 



A. R. CHINN PROSPECT. 

The A. K. Chinn prospect is on a steep west slope, on the point of 
a hill just south of Cave Creek, in the SE. i sec. 21, T. 14 N., R. 6 W., 
2f miles west-northwest of Pfeiffer. Work at this locality was done 
25 to 30 years ago, again in 1898, and next in 1916 and 1917. The 
owner, A. R. Chinn, reports that altogether about 30 tons of manga- 
nese ore have been removed from the openings and shipped. The 
openings are shallow pits which have been dug in pockets of clay 
from points near the base of the hill to 120 feet above the base. The 
clay contains fragments of braunite and a few fragments of psilome- 
lane and overlies the Fernvale limestone, of which there are many 
outcropping ledges and boulders. Lenses of braunite 2 inches or less 
thick are common in the upper part of the Fernvale limestone. The 
presence of calcite and of the casts of fossils in some of them show 
that the braunite has replaced parts of the limestone, and the simi- 
larity of the fragments of braunite in the clay to those in the lime- 
stone indicates that they were once embedded in the limestone but 
have been freed from it by weathering. 

BAXTER PROSPECTS. 

The Baxter prospects consist of two groups of openings, made in 
1917 and 1918 by George Baxter, the owner. One group, which in- 
cludes three very small pits, is on a north hill slope in the N. J SE. ^ 
sec. 28, T. 14 N., R. 6 W., 2^ miles west of Pfeiffer. These pits are 
in a chocolate-colored clay, which contains chert fragments at and 
near the surface, and from them 4 or 5 tons of hand-picked manga- 
nese ore is said to have been taken and marketed. The other open- 
ings are about a mile farther north, on a steep north hill slope just 
south of Cave Creek, in the SE. i sec. 21, T. 14 N., R. 6 W. They 
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have been dug a few feet deep in a manganese-bearing clay and are 
said to have yielded 10 or 12 tonsi of hand-picked manganese ore. 

The total thickness of the manganese-bearing clays at these two 
localities has not been tested. At the second locality described they 
rest upon the irregular surface of the Femvale limestone, of which 
there are exposures near the pits, and they also probably overlie this 
limestone at the first locality, though no limestone is exposed there. 

COLLINS PROSPECT. 

The Collins prospect consists of several very small pits situated 
here and there on both sides of a southwestward-trending hollow for 
a distance of about a quarter of a mile in the NE. J sec. 28, T. 14 N., 
R. 6 W., 2^ miles west of Pfeiffer. The pits were made in 1917 and 
1918 by Isaac Collins, the owner of the land, and are said to have 
yielded 10 tons or more of hand-picked manganese ore. They are in 
a chocolate-colored clay, which contains fragments of manganese 
oxides and chert. Some of them are in clay that surrounds masses 
of the Fernvale limestone ; others were not dug deep enough to reach 
this limestone. The small pieces of manganese oxides found on the 
dumps at the time of visit (May 13, 1918) were made up largely of 
psilomelane, hausmannite, and wad. 

BURGE MINE. 

The Burge mine is on land belonging to Mrs. S. E. Burge, in the 
SW. i SW. i sec. 28, T. 14 N., R. 6 W., 3 miles north of Batesville, 
and is near the head of a hollow which is drained by a wet-weather 
branch flowing into Polk Bayou about a mile away. Mining was 
begun here in 1916, and the operator at the time of visit (March 21, 
1918) was J. A. Finster, who reported that the equivalent of 4 or 6 
carloads of manganese ore had been mined and hauled to Pfeiffer 
and Batesville, where it was shipped. 

The mine is made up of openings extending along both sides of the 
hollow for about three-eighths of a mile, but most of them are on 
the south side of the hollow. The deposit that is being worked is in 
the residual clay of the Feriivale limestone, exposures of which are 
found in the lowest 50 feet of the hill slopes. The Fernvale was 
also found beneath 27 feet of clay and chert debris in a drill hole in 
the bottom of the hollow. The Boone chert, which caps the hills 
in the vicinity, appears to rest directly upon the Femvale limestone. 
The ore-bearing clay is red and chocolate-colored and sticky; its 
surficial portion is mixed with chert that has rolled down the slope : 
and it rests upon the irregular surface of the hard, unaltered lime- 
stone. It has been found in shafts to extend to a depth of 45 feet, 
and one tunnel penetrated it for 200 feet. 
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The manganese ore is mainly compact hard psilomelane, though 
ot};ier manganese minerals including hausmannite and braunite are 
present. It occurs in irregular fragments ranging in size from fine 
particles to 'masses weighing 1 ton. It contains a small quantity of 
white barite but not enough to injure its market value. Some of the 
ore has partly replaced masses of chert which are residual from the 
Fernvale limestone, and such ore is too siliceous to be of value. 

RXITHERFOBD MINE. 

The Rutherford mine, owned by W. A. Rutherford, is 3 miles 
north of Batesville. It was operated about 30 years ago, and 
although the total production at that time is not known the shipment 
of two carloads of manganese ore from this property is mentioned 
by Penrose,^® who described the mine as the " John B. Skinner tract." 
The next work was done by various lessees, beginning in 1916, who 
mined and marketed 100 tons of lump ore before June, 1918. 

The workings consist of four or more groups of shallow pits and 
cuts and a few short drifts. Most of them are on the points of hills 
and are on either side of narrow hollows, the main one of which is 
drained by a wet-weather branch southwestward into Polk Bayou. 
Those farthest west are about half a mile from Polk Bayou, and 
those farthest east are about 1^ miles from it. 

The manganese ore occurs in the Fernvale limestone and its 
residual clay but in minable quantity in only the clay. The Fern- 
vale limestone is exposed at many places in the lower 100 feet of 
the slopes, but it is generally concealed by its residual clay or by 
debris from the Boone chert above. The ore-bearing clay is red 
or chocolate-colored and sticky, rests in channels and pockets in the 
limestone, and is probably nowhere more than a few feet thick. It 
contains irregular fragments of ore from small particles to masses 
weighing several hundred pounds and fragments of chert that have 
been derived from the Fernvale limestone and the Boone chert. 
Wlierever the chert from the Fernvale is present some of it is partly 
or entirely replaced by manganese oxide. 

The ore is chiefly psilomelane with subordinate amounts of wad 
and possibly braunite, and that recently shipped contained, according 
to X. A. Adler, the buyer and shipper of the ore, from 48 to 50 per 
cent of manganese. The first two analyses given below represent 
the composition of two carloads of manganese ore shipped from this 
property about 30 years ago,''® and the third analysis one carload 
of ore shipped in 1917 to the Tennessee Coal, Iron & Railroad Co. 

"PenroBe, R. A. F., jr., Mangan^ese — its uses, ores, and deposits: Arkansas Geol. 
Survey Ann. Kept, for 1890, vol. 1, pp. 217-219, 1891. 
™Idem, p. 219. 

104569—22 ^10 
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Analyses of manganese ore from the Rutherford mine. 





1 


2 


3 


MancwTiftSft (Afn) 




38.30 

8.46 

.380 


39.35 

5.30 

.217 


48.65 


Iron (Fe) .... 


3.30 


Pho8phoras(P) 


.21 


Silica (SlOj). . . 


4.46 


AlnmiTia (^IsOa) . _,. ._.,., 






2.54 












CASOTff MINE. 









LOCATION, HIST0B7, AND P&ODUCTZOK. 

The Cason mine, owned by Mrs. K. P. Gregory, is in the S. i SW. J 
sec. 34, T. 14 N., E. 6 W., 3 miles northeast of Batesville and half a 
mile north-northwest of a siding on the spur of the Missouri Pacific 
Railroad that runs to Pfeiffer. It is in the southern border of the 
Batesville district, in a rough hilly region whose relief ranges from 
360 to 610 feet above sea level. (See fig. 10.) The ore is mined from 
the Cason shale in four radiating cuts — Xorth cut, East cut. South 
cut, and West cut — which are near the base of the hill slopes, and 
is hauled in wagons to the above-mentioned siding for shipment. 

The Cason mine was operated on a small scale about 30 years ago 
by the Keystone Manganese & Iron Co., but beginning in 1904 it 
has been operated almost continuously by various firms and persons. 
The following table, compiled from information furnished by the 
operators to the Mperal Resources branch of the United States 
Geological Survey, shows the names of the operators, the com- 
position of the ore, and the production by years : 

Production of ferruginous manganese ore from the Cason m4nc. 



Year. 



1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915., 
1916. 
1917., 

1918., 



Long 
tons. 



600 
3,321 
8,900 
4,133 
4,086 
3,325 
5,030 
2,177 
1,332 
9,500 
1,900 
2,400 
6 3,645 
5,374 

5,618 



61,321 



Operators. 



(«) 

(a) 

Frisco Ore Mining Co , 

do 

do 

do 

do 

.....do 

do 

Batesville Manganese Co 

do 

....do - 

do 

W. H. Denison for Manganese Develop- 
ment Co. 
...do 



Composition. 



28-25 per cent Mn. 



20-25 per cent Mn. 
20 per cent Mn, 10 per cent Fe. 
20 per cent Mn, 10 per cent Fe. 
16-24 per cent Mn, 7-10 per cent Fe. 

18 per cent Mn, 7-10 per cent Fe. 

22 per cent Mn, 8 per cent Fe, 26 per 

cent SiOj. 
U. 07-19.47 per cent Mn, 6.08-7.69 per 

cent Fe,0.30-.42 per centP, 82.3a-^-$l 

percent SiO>. 



a Name of operator not known. 

6 Total production of district. Includes several hundred tons from other mines. 
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The rock formations in the vicinity of the mine are well exposed 
and are briefly described here, the oldest first, but the Cason shale, 
all parts of which contain manganese minerals, will be described 
under the heading " Occurrence and character of the ore " (pp. 139- 
142). 
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• Batesville samiPion<> Bciane c'nvit St. (.'lair limeitane Cason shale Femvale limestone Kimmswick Strike and dip 

andMoorefiekish.nle <Ore4)eariHg} limestone of nxk beds 

FiouBB 10. — Geologic map of Cason mlna Surveyed by H. D. Mi^er with plane table 
in March, 1918. A-B, Line of section in figure 11. 

The upper part of the Kimmswick limestone is exposed on the 
south slope of the hill, west of the mine. 

The Femvale limestone, a pinkish-gray or gray coarsely granular 
limestone, is exposed both northeast and southwest of the mine, but 
some of the best exposures are in the cedar glade just northeast of the 
mine. It is about 30 feet thick southwest of the mine, whereas 
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northeast of the mine 75 feet of the formation is exposed without 
the base being revealed. 

The Cason shale, the next formation, is described on pages 139-142. 

The St. Clair limestone is a massive pinkish-gray or gray fossilif- 
erous granular but partly compact limestone. On the hill above 
the mine it is about 90 feet thick and on the hill west of the mine 
it is 100 feet thick, but it thins out entirely east and northeast of the 
mine and west of the area shown on the map. It is 55 feet thick in 
drill hole No. 1 and is absent in drill hole No. 2. It rests upon the 
Cason shale where that is present, and where the Cason is absent it 
rests upon the Fernvale limestone. These two formations, so far as 
their relations can be determined from the excellent exposures in the 
mine, are conformable. The character of the base of the St. Clair 
limestone in the North Cut is shown in the following section, but it 
varies somewhat from place to place, owing in part to different 
stages of weathering and in part to the original differences in the 
beds from place to place. 

Section in North cut at Cason mine. 
St. Clair Umestone: Feet. 

Pinkish-gray granular fossiUferous limestone contain- 
ing a few gray scattered pebble-like masses {Gir- 
vanella) about 1 inch in diameter. Dendrites are 
present on the surface of some of the numerous 
fossils Several. 

Red limestone like that above, except that it contains 
a few " buttons " of manganese oxide in its lower, 
shaly part. This limestone is not a separate bed 
but is a colored phase of the limestone described 
above 1-3 

Calcareous hard red shale; contains a few " buttons " 
of manganese oxide. Appears to grade into the 

overlying limestone bed; not mined 1^ 

Cason shale : 

Red sandy shale ; contains manganese " buttons " ; 
mined. Within 2 inches of its top there is a lenticu- 
lar horizontal vein 1 inch thick and 2 feet long of 
white barite and pink manganiferous calcite (man- 
ganocalcite). The 1 or 2 feet of still lower shale 
that rests upon the Fernvale limestone is not mined. 7 

The pebble-like GirvcmeUa mentioned in the above section are a 
conspicuous feature of the lower few feet of the St. Clair limestone. 
(See PI. VIII.) They range from one-eighth of an inch to IJ 
inches in diameter, they show concentric banding, and many con- 
tain angular fragments of gray earthy phosphatic material in 
their centers. The minerals in them are crystalline and as may 
be inferred from the character of the specimens and the analyses 
given below contain calcium, manganese, and magnesjum carbonates 
and barium sulphate. Some of the carbonates may be chemically 
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combined. They also contain considerable pyrite as fine crystals and 
as small irregular replacement masses. In weathered limestone 
ledges they have a red color, resembling that of the red " buttons " 
in the Cason shale that are described on pages 140-142, and on the 
weathered surface th^y change to a ferruginous manganese oxide. 
In some of the limestone many of the GirvaneUa have been partly 
or wholly removed through solution, leaving cavities. One observed 
pebble-like mass is crystalline barite. 

Analysis of pehble-like Girvfanella from St. Clair limestone. 

[K. C. Wells,, analyst.] 

Manganese (Mn) 5.94 

Iron (Fe) 1. 56 

Silica (SiOj) - . 29 

Alumina ( Al.Os) 4. 06 

Lime (CaO) 42. 80 

Magnesia (MgO) . 87 

Barium (Ba), SO*, COs Present. 

The black manganese " buttons " in the base of the St. Clair are 
fossil GirvaneUa that have been replaced by manganese oxide. It is 
assumed that they were once nearly spherical like the pebble-like 
masses higher in the St. Clair, and that the flattening of the " but- 
tons" is due to the effect of pressure upon the shaly limestone in 
which they occur. 

Manganese oxide is also present as thin films and dendrites in the 
lower part of the St. Clair limestone. Yellow and brown clays that 
occur in joints in the lower beds of the St. Clair limestone contain 
buckshot-like concretions of manganiferous iron oxide. A mass a 
few inches across of dark-brown manganese oxide in which there are 
a few crystals of manganese oxide is in red clay lying beside a 
boulder of the St. Clair limestone that is in place near the west end 
of the West Cut. Its position indicates that the St. Clair limestone 
is the source of its manganese. 

Minute quantities of galena occur in the cavities left by the solu- 
tion of the fossil GirvcEneUa and in fine veins in the parts of the 
limestone that still contain the GirvaneUa, The largest mass of 
galena found in quarrying this limestone is reported to have been the 
size of a man's fist. 

Gray laminated sandy clay was found in drill hole No. 2. The 
fossils in this clay indicate that it is an altered phase of the Chatta- 
nooga shale, and the position of the laminae in the drill cores shows 
that it dips at high angles. This shale and the overlying Boone chert 
have slumped or settled into channels or hollows formed by solution 
in the Fernvale limestone. 

The Boone chert, owing to its resistant nature, forms the crests of 
the hills in the vicinity of the mine. In part of the area shown on 
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the map (fig. 10) . it rests upon 
the St. Clair limevStone, but in 
other parts of this area, where 
the St. Clair is absent, it rests 
ui)on tlie Fernvale limestone. 

The Moorefield shale, al- 
though not anywhere exposed, 
probably underlies the sur- 
ficial material on the north- 
west slope of the low south- 
westward-trending ridge that 
is just south of the mine. The 
Batesville sandstone caps this 
ridge and is the surface rock 
in the low-lying area east of it. 

The above - described rocks 
lie flat or dip at low angles 
in the area shown on the map 
(fig. 10), but south of the mine 
they are broken by a normal 
fault with a north of east 
trend and a downthrow of per- 
haps 400 feet on it& south side. 
(See Fig. 11.) The rocks just 
north of the fault dip 15° to 
20° southeastward, -toward the 
fault, whereas beyond the crest 
of the ridge northwest of the 
mine they dip at a low angle 
to the northwest. An anti- 
cline therefore occurs at this 
locality. Its axis trends north- 
eastward along the crest of the 
ridge north of the mine. The 
rocks in the mine lie in a shal- 
low syncline on the southeast 
side of the anticline. The axis 
of the syncline trends north- 
westward. The St. Clair lime- 
stone and Cason shale in the 
West cut, which is on the west 
side of the syncline, dip 15° 
to 20° into the hill (north- 
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northeast) and in the North cut, which is on the east side of the syn- 
cline, they dip at about the same angle to the southwest. Two or 
three faults with a downthrow of 5 feet or less were visible near the 
I middle of the mine at the time of visit. 

OCCURRENCE AKB CHARACTER OF THE ORE. 

The marketable ore, as previously stated, occurs in the Cason shale. 
All the Cason shale at this locality contains some manganese, and 
half or more of it contains enough manganese for it to be mined and 
shipped without treatment. There are several deposits in the Bates- 
ville district whose manganese and manganiferous ores are obtained 
from weathered phases of this shale, but of the few deposits where 
such ores are found in the hard unweathered shale the one at the 
Cason mine is by far. the most important both in scientific interest 
and in the quantity of marketed ore and available ore in reserve. 

The extent of the Cason shale was not definitely determined, as 
soil and rock fragments conceal it or its horizon at most places, but 
it probably thins out to the west, north, and east, as shown on the 
map (fig. 10), and it perhaps extends southward to the fault, south 
of which the shale, if present, is possibly 400 feet below the surface. 
The shale is absent in drill holes Nos. 1 and 2. The area underlain 
by the umnined shale is therefore comparatively small ; it is at least 
3 acres and may be 6 acres or more. The shale ranges in thickness 
from a feather edge to about 10 feet. The contact between th« Cason 
shale and Femvale limestone, as shown by exposures in the North 
cut, is irregular, indicating an unconformity between them. The 
Cason shale was therefore deposited upon an irregular surface, and 
this probably accounts for a large part of the variation in the thick- 
ness of the shale. 

The Cason shale is red, hard, platy, sandy, and slightly calcareous, 
but its original color, a greenish-gray, is retained by as much as 3 
feet of the top of the shale in the bottom of the syncline, near the 
junction of the cuts. An analysis of the greenish-gray shale from 
which the "buttons" described below were removed is as follows: 

Analysis of greenish-gray Cason shale from Cason mine. 

[S. C. Wells, analyst] 

Manganese (Mn) .- 5. 87 

Iron (Fe) - 4. 98 

SUica (S:Oa) 32.73 

Alumina (ALO:.) 8.22 

Lime (CaO) 14.22 

Magnesia (MgO)__- 3.38 

Barinm (Ba), S0<; GOs Present. 
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Flattened pebble-like or concretion-like masses, known as " buttons," 
lie parallel with the bedding and are more or less uniformly distrib- 
uted through the shale in all parts of the mine. Most of them are 
from half an inch to 1 inch in their longer diameter and from one- 
fourth of an inch to one-half an inch thick. A few of the "buttons " 
in the greenish-gray shale are gray but parts of some are reddened. 
Other "buttons" in both the greenish-gray and red shales are red, 
whereas in much of the red shale they are composed of hard black 
manganese oxides. Analyses of the red and black buttons follow : 

Analyses of "huttons" from the Ciison shale, Cason mine. 



Manganese (Mn) 5.85 

Iron(Fe) ! 3.08 

Phosphorus (P) 

Silica (8i0,) ! 2.73 

Alumina (AljO,) I 5.68 

Lime(CaO) 2985 

Magnesia (MgO) I 1.46 

Barium (Ba), SO4, CO3 ■ Present. 



50.41 

7.56 

.06 

12.67 
1.37 
2.09 



1. Red "buttons"; R. C. Wells, analyst. 

2. Black "buttons"; R. N. Brackett, analyst; analysis from Penrose, R. A. F., jr., op. cit., p. 221. 

The red and greenish-gray "buttons" presumably contain man- 
ganese, iron, calcium, and magnesium carbonates and barium sul- 
phate, though a few of the gray ones are composed largely of barite 
(barium sulphate). The black "buttons" are chiefly compact psi- 
lomelane, but some consist entirely of a ferruginous manganese oxide. 
Short lenses 1 to 2 inches thick of psilomelane and ferruginous 
manganese oxide lie parallel with the bedding in some parts of the 
mine. 

The gray, red, and black " buttons " have obviously had the samt? 
origin. A number of the red " buttons " were examined by E. O. 
Ulrich, and he states that they are fossil algal growths belonging to 
the genus Girvanella. Many of the "buttons" contain centers of 
chert and earthy material. They were all probably gray and nearly 
spherical at one time, like the Girvanella in the St. Clair limestone 
(see PI. VIII), but by the oxidation of the iron and manganese 
minerals and the replacement of some of their other constituents 
by iron and manganese oxides they have changed in color from gray 
through red to black and by the effect of pressure they have been 
flattened. (See PI. X, ^.) Specimens which illustrate the changes 
in color may be found in the North and West cuts and near their 
junction. It is expected that the black manganese "buttons" will 
become less abundant and the " buttons " of other colors more abun- 
dant as the shale is followed into the hills. If so, the manganese con- 
tent of the shale will decrease likewise. 
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The relations of the red and greenish-gray shales and the red and 
black " buttons " near the junction of the several cuts are shown in 
figure 12. 

Although manganese is present in all the "buttons" and in the 
shaly matrix surrounding the " buttons," it does not occur in suffi- 
cient quantity to permit profitable mining except in the shale carry- 
ing the "buttons" of black manganese oxides. The black "but- 
tons" generally make up about one-third of the rock mass, but in 
some places they make up more than half of the rock mass and in 
others they form such a small part of the rock mass that such rock 
has to be discarded as waste. The shale that contains enough black 
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Figure 12. — Section near central part of Cason mine, showing the relations oif the red 
and green shales in the Cason shale and the relatione of the red, black, and partly 
blackened buttons. Heavy ruling represents red shale and light ruling green shale. 

manganese " buttons " to be classed as ore is said to range in thick- 
ness from 3 to 8 feet and to average about 6 feet. 

In the middfe and northern parts of the North cut all the " but- 
tons " consist of manganese oxides, whereas at the south end of this 
cut the black " button "-bearing shale is overlain by 5 feet of shale 
with red and partly blackened "buttons," and in the West cut the 
black " button "-bearing shale is overlain by 2^ feet of shale with red 
"buttons." In the North cut the shale is hard and unweathered, 
but in the other cuts it in places has weathered to yellow and green 
laminated clays, in which the numerous "buttons" and few lenses 
of manganese oxide are preserved. Much of the ores shipped in the 
past consisted of this weathered material, but now only the hard un- 
weathered ore-bearing rock is shipped. In parts of this clay the 
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" buttons '■ are soft from weathering and consist of ferruginous man- 
ganese oxide, and the clay in places contains thin horizontal lenses 
of this oxide. This clay is not shipped. 

The shale bearing manganese "buttons" apparently does not 
extend beyond the wet-weather stream at the northwest end of the 
West cut. A pit west of this stream reveals a few feet of pebbly 
phosphatic sandstone, which contains only stains of manganese oxide. 
Some of the pebbles are red and resemble the red " buttons " in the 
Cason shale at the mine. 

A few veins of calcite half an inch or less thick cut the Cason shale 
near the middle of the mine, and as noted in the section on page 136 
a lenticular horizontal vein 1 inch thick and 2 feet long of white 
barite and pink manganiferous calcite (manganocalcite) is near the 
top of the shale in the North cut. D. F. Hewett, of the United States 
Geological Survey, who visited the mine in 1917, found specimens of 
shale that contain films and crystals of arsenopyrite.^^ Films of 
barite occur in cracks in parts of the shale. 

The manganese content of the ore shipped from the Cason mine 
has* ranged from 14 to 28 per cent, the average being about 20 per 
cent. The average analyses for a number of years are given in the 
table on page 134. 

Penrose ^^ in describing the ore taken out during the early attempts 
to work the deposit says : 

The amount of this ingredient [phosphorus] is variable, sometimes being 
under the maximum aUowed, but generally, so far as tested, going above it, 
and at times amounting to from 2 to almost 4 per cent. ♦ ♦ ♦ Analyses of 
the ore and inclosing sandstone together have shown the presence in certain 
cases of 3 to 4 per cent of phosphorus, and some analyses of the buttons alone 
have shown over 1 per cent. Hence sometimes at least, the inclosing rock eon- 
tains more phosphorus than the ore^ while the ore alone is sometimes low 
enough in phosphorus to allow it to be marketed and sometimes Is too high. 

MIKINO. 

The Keystone Iron & Manganese Co. shipped the pre e^ it occurred 
in the surficial clay but made an unsuccessful attempt to improve its 
quality by washing it. Much of the ore shipped by the other opera- 
tors wa5 the soft surficial material, which was shoveled into wagons 
without treatment and hauled to the railroad. The ore being nuned 
at the time of visit (March, April, and May, 1918) was the hard, 
unaltered diale. It was simply quarried by blasting after the over- 
burden of St. Clair linxestone was removed. The limestone over- 
burden was as much as 15 feet thick at some places, and its thickness 
will increase as the ore bed is followed away from the outcrop. The 

*> Personal communication. 

«* Penrose, R. A. F., jr., MaHjEranese — its uses, oir<*s, and deposits: Arkansas Geol. 
Survey Ann. Rept. for 1890, vol. 1, pp. 220-222, 1891. 
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limestone t\ as broken up into fragments about a foot or less across 
and was shipped to points alonnr the Mississippi, where it was used 
for riprap. The only machinery then used at the mine was a 
gasoline engine, an air compressor, and one or two hand drills. 

CIIAMPLAIN rR( ASPECT. 

The Champlain prospect consists of several shallow pits in sticky 
chocolate-colored clay on a steep east hill slope, on the west side of 
Polk Bayou and from dO to 40 feet above this stream, 2^ miles north 
of Batesville. The first work at this locality was done early in 1918 
by J. W. Hampton, and he was followed by J. B. Champlain, who 
began work about March 1, 1918. The clay is a residue from the de- 
cay of the Fernvale limestone, which is exposed at a number of 
places in the pits and on the surface. It lies in pockets and channels 
in this limestone and is overlain by as much as 4 feet of chert debris, 
which is derived from the Boone chert exposed higher on the hill. 

The manganese ore consists of hard psilomelane and a smaller 
quantity of braunite and occurs in the clay as irregular masses rang- 
ing from fine particles to boulders weighing 200 pounds. Much of 
it contains casts of fossils like the fossils in the Fernvale limestone, 
showing that the ore once occurred in the limestone as a replace* 
ment material. In fact, specimens of ore-bearing limestone show- 
ing the various stages of replacement were observed. An analysis 
of a sample of ore from this locality, furnished by Mr. Champlain, 
showed 56.32 per cent of manganese and 2.40 per cent of iron. 

About 5 tons of " lump ore," which had been picked out by hand, 
was on the dump at the time of vi??it (March 19, 1918), but no ship- 
ments had been made. Plans were being made to mine the ore by 
hydraulic methods. 

J. W\ OREENFIELD PROSPECT. 

The J. W. Greenfield prospect is on tlie south point of the hill on 
which the Champlain prospect is situated, on land belonging to 
J. W. Greenfield. A few very small pits had been made near the 
base of the hill prior to the time of examination (March 19, 1918), 
and two piles of manganese ore, containing together about 300 
pounds, were near the pits. Although some of the manganese ore is 
found on the surface, most of it is in dark clay occupying shallow 
fissures and pockets in the Fernvale limestone, of which there are 
many outcrops. This limestone is here overlain by the St. Clair 
limestone, and the St. Clair is in turn overlain by the Boone chert. 
The top of the Fernvale limestone is very rusty from the presence 
of iron oxide, and in places it contains some manganese oxide. 
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The manganese ore is psilomelane and braunite and occurs in 
irregular porous pieces, which do not exceed a few pounds in weight. 
It extends up the hill slope to about 60 feet above Polk Bayou. 

WEAVER-DOWDY PROSPECT. 

The Weaver-Dowdy prospect is near Blowing Cave, on Pulk 
Bayou, 3^ miles north of Batesville, and is on the Weaver-Dowdy 
tract, which comprises the SW. i SE. i sec. 29 and the NW. i NE. 4 
sec. 32, T. 14 N., R. 6 W. Very little work had been done at this 
locality at the time of visit (March 25, 1918), and probably not more 
than a few tons of manganese ore had been mined and marketed. 
The prospect at that time was being worked by J. C. Shepherd, who 
had leased it. 

The prospect consists of several openings, some of which are on 
the slope above Blowing Cave, and others are on the southwest point 
of a hill to the south. The openings, which include small pits and 
cuts and one tunnel 15 feet long, are in sticky chocolate-colored ore- 
bearing clay and in a cherty soil a few feet thick that overlies the 
clay. This clay lies in basins and channels in the Fernvale limestone, 
from which it is residual, but it does not occur in great quantity, as 
the slope is steep, and exposures of the Fernvale are numerous. 

The ore is fairly hard manganese oxide and is in irregular frag- 
ments, some weighing as much as 100 pounds or more. The ore that 
has been placed by itself on the dumps has been saved by hand pick- 
ing, and the finer ore has been left in the clay. 

W. L. GREENFIELD MINE. 

The W. L. Greenfield mine, which is on land belonging to W. L. 
Greenfield, is in the SW. i sec. 29, T. 14 N., B. 6 W., on the w«st side 
of Polk Bayou, 3^ miles north of Batesville. Anthony Simmons 
mined half a car of ore at this locality in 1888, and Mr. Greenfield 
has done work recently, beginning in 1916. 

The mine consists of two groups of openings. One of these groups 
is in the lowest hundred feet or so of the north hill slope, a short 
distance west of the mouth of the stream whose main source is Stark 
Spring. This group comprises several very small pits, which have 
been made within an area not exceeding a quarter of an acre. They 
pass through a thin surficial covering of chert fragments derived 
from the Boone chert and penetrate light to dark brown ore-bearini]^ 
clays that are residual from the Fernvale limestone, of which only a 
few exposures occur in the vicinity. These clays rest upon the irreg- 
ular pockety and channeled surface of this limestone, and although 
their thickness consequently varies from place to place none of the 
pits have passed through them. 
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The second group of openings is in an area on the southeast slope 
of the above-mentioned hill. It extends up the slope 125 feet from 
the bottom land along Polk Bayou and northeastward along the slope 
for 300 feet. The openings are pits and tunnels, the pits being 20 
feet or more deep and tlie largest tunnel, of which there are four, 
l>eing 40 feet long. After they penetrate a cherty loam, usually 2 to 
<> feet thick, derived from the weathering of the Boone chert, they 
pass into a chocolate-colored sticky clay, in which the manganese ore 
occurs. This clay has been derived through weathering from the 
Fernvale limestone, of which some ledges and horses are found in 
the openings, and although the clay is shown to be 20 feet or more 
thick in places it probably does not average more than a few feet 
thick. 

The manganese ore is in masses whose usual range of weight is 
from 1 to 50 pounds. The larger masses are hard manganese oxide, 
but the smaller ones are soft, though they are firm enough to keep 
from f allincr to pieces while they are being mined and shipped. The 
ore marketed before the time of visit (March 21, 1918) amounted to 
about 60 tons, which is said to have contained between 30 and 35 per 
cent of manganese, but this production does not include the half car 
of ore mined in 1888 by Anthony Simmons. Since the time of visit 
some ore has been produced from the mine by T. F. Adams. 

SIMMONS PROSPECT. 

The Simmons prospect, which was not visited by the present 
writer, is in the bluff on the west side of Polk Bayou, in the NE. ^ 
NW. i sec. 29, T. 14 N., R. 6 W., just north of the mouth of the 
stieam draining the hollow in which the Allen and Roberts mines 
are situated. The deposit opened by this prospect is described by 
Penrose®^ as follows: 

The manganese occurs in an elongated pocket in the St. Clair [Fernvale] 
limestone, striking N. 18° W. across the almost horizontal bedding of the rock. 
The pocket dips almost vertically but has a slight inclination to the east 
and is 2 to 3 feet in width. The ore is in the form of seams and pockets 
viirj'ing from 1 inch to 2 feet in tliickness and is associated with an indurated 
hrownish-red clay containing many romided fragments of a massive red or 
^'ray calcareous rock, one-quaiter to 1 inch in diameter. The latter look like 
fragments of the limestone strata that often occur at the base of the cbert. 
The ore varies much in character — from crystalline to a massive, botryoidal, 
or stalactitic variety. The sides of the deposit are very irregular, with " feed- 
ers ' running off in various directions, but the contact with the country rock 
is shai*p and well defined. The latter is a coarsely crystalline limestone of a 
pink or purplish-brown color and contains many smaU masses and Interbedded 
lenses of manganese ore. These become more and more numerous as the sides 
of the main ore deposit are approached. 

8= Penrose, R. A. F., jr., op. clt, pp. 225-226. 
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The deposit runs diagonally up the slope of the bluff and has been opened 
at various places for 75 yards along its course. It seems probable that it 
occupies a cavity made by water along a crack or joint and filled up with 
residual clay and ore from the part of the limestone that has been dissolved 
as well as by limestone pebbles from above. 

Work was done at this locality in 1918 by the Polk Bayou Mining- 
Co., which produced a small amount of ore. 

ALLEN MINE. 

The Allen mine is on a small tributary of Polk Bayou, in the W. i 
KW. i sec. 29, T. 14 N., R. 6 W., 4 miles north of Bate.sville. It 
was worked in 1889 by Skinner & Abbot and then lay idle until 
1917, when mining was resumed by other parties. Tlie owners and 
operators at the time of the writer's last visit to the locality (June 
27, 1918) were Messi-s. Alnutt and Purse. 

The workings are shafts and pits dug here and there on the steep 
slopes on either side of a southeastward-trending hollow for a dis- 
tance of half a mile near the Stark Spring and within 120 feet above 
the bases of the slopes. They penetrate the residual clay of the 
Fernvale limestone, exposures of which are found at many places 
from the stream to 130 feet up the slopes. This clay, which con- 
tains the manganese ore. is red or chocolate-colored and sticky and 
lies in pockets and channels in the limestone or. surrounds limestone 
horses and hence varies greatly in thickness from place to place. 
One or more of the shafts, however, have passed through 30 feet of 
it. It is usually concealed by chert fragments that have rolled down 
the slopes from the outcrops of the Boone chert, which at this locality 
overlies the Fernvale limestone, and its surficial paits contain chert 
fragments from the same source. 

Tlie manganese ofe is mainly psilomelane with some braunite or 
hausmannite, and occurs in irregular pieces, ranging in size from fine 
particles to boulders weighing 8 tons. The manganese minerals are 
intimately mixed, and some specimens were found that contain a 
very small quantity of barite. Manganese and iron oxides are 
disseminated through some of the exposed Fernvale limestone, and 
give those parts of the limestone a brown color. 

Most of the ore that has been marketed consisted of fragments an 
inch or more in diameter and of boulders. At the time of the writer's 
last visit to the locality a hand jig was being successfully used to 
separate the fine ore from the clay and chert. The stream from 
Stark Spring flows in the hollow containing the openings and affords 
an abundant supply of water for hand jigs or a washing plant. The 
quantity of ore shipped from this locality is not known, but it ex- 
ceeds 100 tons, and analyses of samples are said to show that its 
percentage of manganese varies from 42 to 60. 
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ROBERTS MINE. 

The Roberts mine, described by Penrose®'^ under the name Max- 
field tract, is in the NE. J sec. 30, T. 14 N., E. 6 W., and about one- 
eighth of a mile northwest of Stark Spring. It was worked in 1889 
by Skinner & Abbot, in 1916 by Walbert & Deener, and beginning 
in February, 1918, it has been worked by the Polk Bayou Mining 
Co., the present owner of the propert}^, but some work was done here 
in 1915 or 1916 by Coleman & Grefenkamp. 

. The openings, which are small pits or tunnels, have been dug near 
the base of the hill slopes in a strip extending 1,000 feet along both 
sides of a hollow, but most of them are on the southwest side. After 
they passed through 2 to 6 feet of cherty loam derived from the Boone 
chert they penetrated the sticky reddish-brown ore-bearing clay. 
This clay is seen in places to be as much as 8 feet thick, and it rests 
upon the uneven surface of the Fernvale limestone, from which it is 
residual. In addition to the ore it contains masses of the Fernvale 
limestone and fragments of the Boone chert. In the few places where 
the limestone is exposed it is brown from the presence of fine par- 
ticles of iron and manganese oxides. 

Most of the manganese ore is psilomelane, but part of it is braunite, 
and it occurs as irregular masses ranging from the size of a pea or 
less to boulders weighing 500 pounds. The larger part of it is com- 
pact, but some masses are porous, and others contain pockets of 
calcite half an incli or less in their longest dimension. 

The entire production of the mine is not known. Penrose,^* how- 
ever, stated that several carloads were mined in 1889 by Skinner & 
Abbot, and he quoted 26 analyses of carload lots of manganese ore 
shipped from the property. The recent production has been much 
less than this amount. Analyses of picked samples of ore from this 
mine are said to show from 53 to 57 per cent of manganese, but the 
following 26 analyses, which represent the composition of carload 
shipments of ore, show that the average manganese content is much 
less.^' 

AuaJjjsr.s of manganese ore from the Robert'i )ninej' 



Manganese (Mn). 

Iron(Fe) 

Phosphorus (P) . . 

Silica (SiOi) 

Moisture 



44.69 

9. 18 

.319 

3.23 



41.08 

10.75 

.4«7 



43. 12 
12.50 



1.54 



42.74 
4.95 
.386 
10.41 



81.90 

11.20 

.347 

20.50 



24.31 
21.63 
.252 

14.82 



24.50 

28.72 
.226 
5.22 



27.49 
23.40 
.405 
7.08 



29.57 
23.40 

.452 
5.10 
19.0 



o Analyses 3, 4, and 5 were made by the North Chicago Rolling Mill Co. and the remainder by the Illi- 
nois dteei Co. of Chicago. 



8» Penrose, R. A. F., 
"Idem, p. 225. 
"Idem, p. 224. 



jr., op. cit., p. 
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Analyses of manganese ore from the Roberts mine — Continued. 



Manganese (Mn)., 

Iron (Fe) 

Phosphorus (P) . 

Silica (8iO,) 

Moisture 



10 
31.56 


11 


12 


13 


14 


15 
30.55 


16 


26.82 


27.55 


30.55 


38.21 


31.35 


21.47 


24.42 


24.00 


21.70 


18.80 


21.70 


20.70 


.385 


• .273 


.268 


.328 


.194 


.328 


.581 


6.75 


6.33 


7.46 


6.48 


6.05 


6.48 


4.49 


16.40 


16.20 


15.60 


15.00 


15.10 


15.00 


14.50 



17 



37.59 

12.70 

.357 

5.56 

18.20 



Manganese (Mn) . 

Iron(Fe) 

Phosphorus (P).. 

Silica (SiOj) 

Moisture 



10 



36.05 

15.50 

.279 

4.87 

18.30 



20 



37.27 

1530 

.481 

4.56 

21.10 



21 



28.68 

23.00 

.788 

5.42 

20.00 



22 



33. 80 
16.85 
. .596 
5.70 
19.10 



23 



34.03 

11,20 

.732 

3.65 

16.30 



24 



36.18 

14.70 

.606 

3.97 

18.50 



25 



35.40 

16.70 

.736 

4.35 

16.30 



18 



34.38 

17.70 

.476 

4.03 

21.50 



26 



36.86 
15.20 
.585 
8.68 
12.00 



Several tons of ore was shipped b}'^ Coleman & Grefenkamp from 
this mine for use as chemical ore. The results of its use are not 
known, but analyses of samples collected by other parties show that 
the percentage of manganese dioxide is too low for the ore to be 
classed as a chemical ore. 

DEENER PROSPECT. 

The Deener prospect, owned by S. W. Deener and leased by the 
Vance Mining Co., is in the south border of the SE. J sec. 19, T. 14 
N., R. 6 W., 4J miles north by west of Batesville. It is just north of 
the Roberts mine and in the same hollow with it. Work was begun 
here in May, 1918, and 14 or 15 tons of manganese ore had been re- 
moved from the openings before the time of visit (June 27, 1918). 
The hill slopes in this vicinity are covered with chert debris several 
feet deep, which overlies the ore-bearing clay. This clay in turn 
overlies the Fernvale limestone, from which it and the manganese 
ore have been derived by weathering. 

A shaft 16 feet deep has been sunk on the west slope of the hill. 
A drift 18 feet long that has been run from the bottom of the shaft 
shows a pocket of porous manganese ore 5 feet thick, extending its 
entire length. The Fernvale limestone was encountered in the bot- 
tom of the shaft and near the end of the drift. A second shaft, 75 
feet north of the one just described, is 16 feet deep and was sunk 2 
feet in porous manganese ore without passing through it. A cut 
with a face of 8 feet has been made 75 feet west of the first shaft and 
lower on the hill slope. It reveals a pocket of ore, which in places 
attains a thickness of 4 feet. About 200 yards north of the cut a 
third shaft had been sunk 8 feet in loose iron-stained chert debris 
at the time of visit. 

The pockets of ore mentioned above are not solid but consist of 
irregular masses of psilomelane and hausmannite ranging in size 
from fine particles to boulders that weigh as much as 2^ tons. The 
deposit at this locality is promising and deserves further prospecting. 
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BUTTON MINE. 

The Button mine is in the NW. i igE. i sec. 24, T. 14 -N., R. 7 W., 
2^ miles northeast of James and 4 miles southeast of Cushman. It 
was worked about 30 years ago and a production of 300 tons of man- 
ganese ore is mentioned by Penrose.®^ It has been worked also within 
the last few years by the Polk Bayou Mining Co., of Batesville, Ark., 
but the quantity of ore shipped was not learned. 

The workings are several small pits scattered over the upper part 
of the southeast slope uf a hill which is capped by 20 feet or more of 
the Boone chert. The red and dark-brown ore-bearing clay a few 
feet thick overlies the irregular surface of the Fernvale limestone, 
of which outcrops are common, and the clay is overlain by surface 
debris a few inches to several feet thick, composed of chert frag- 
ments and pebbles. Both the ore and the clay are residues from the 
decomposition of the Fernvale limestone. The workings were badly 
caved at the time of visit (April 17, 1918), and the ore could not be 
examined in place. Piles of ore found on the dumps consist of small 
pieces of steel-blue psilomelane. 

W. W. AUUEN MINE. . 

The W. W. Allen mine, described by Penrose*^ under the name 
" Castile tract," is on a northeastward-trending spur on the west side 
of Polk Bayou, in the SW. J sec. 18, T. 14 N., R. 6 W., 4 miles east- 
southeast of Cushman. It was worked about 30 years ago by Skin- 
ner & Abbot. The total amount of ore shipped by them is not knOwn, 
but Penrose mentions the production of two carloads. The next min- 
ing was done in 1917 by S. W. Deener, and in 1918 the mine was 
worked by J. C. Shepherd, who was succeeded by the Leader Mining 
Co., of which Mr. Shepherd became president. A washing plant was 
erected on this property by Mr. Shepherd, and it was operated for a 
short time, beginning in September, 1918. 

Shallow pits and cuts have been dug here and there in red to brown 
manganese-bearing clays over a few acres on the east point and crest > 
of the above-mentioned spur, which rises 175 to 200 feet above Polk 
Bayou. These clays are mixed at the surface with chert and sand- 
stone fragments and chert pebbles, and they occupy pockets and chan- 
nels in the Plattin, Kimmswick, and Fernvale limestones, of which 
outcrops are numerous. 

The manganese ore consists of compact irregular masses of psi- 
lomelane and hausmannite ranging in size from fine particles to 
boulders that weigh a few hundred pounds or more. Before the in- 
stallation of the washer only the larger masses, which were hand 

«• Penrose, R. A. P., Jr., op. cit, p. 228. 
s^Idem, pp. 226-227. 
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sorted from the clay, were shipped. The following analyses represent 
the composition of two carloads of manganese ore mined at this prop- 
erty by Skinner & Abbot.** t 

Analyses of manganese ore from the W. W. Allen mine. 



Manganese (Mn) . 

Iron(Fe) 

Pho8phon]s(P).. 

Silica (SiO,) 

Moisture 




CRIS\A"EIJi PROSPECT. 

The Criswell prospect, not visited by the wl-iter, is described as 
follows by Penrose.** 

The CrisweU tract is in 14 N., 7 W., section 24, the northeast quarter of the 
northeast quarter. This property is on the west side of Polk Bayou, and about 
li miles above the mouth of Sullivan Creek. The ore Is associated with the 
characteristic purplish-red clay and overlies the surface of the Izard limestone. 
The St. Clair [Fernvale] limestone is not seen here but is exposed half a 
mile to the west fn the head of a ravine, and it Is probable tliat it underlies 
some of the chert-covered area in the western part of the property. No minins: 
has been done, but about 1 ton of ore has been collected on the surface and 
piled up. 

Work was done at this locality in the spring of 1916 by Shell, 
Kennard & Smith. None was being done at the time of the writer's 
visit to this part of the region on April 17, 1918. 

SHAW MINE. 

The Shaw mine, which is on land owned by Halsell & Stafford, 
of Oklahoma City, is on Shaw Hill, on the west side of Polk Bayou, o 
miles east of Cushman. Work has been done at times, beginning in 
1916, by W. H. Denison, who had mined and shipped 69 tons of man- 
ganese ore before June, 1918. The workings consist of a large number 
of very shallow pits grouped at several places on the hill slopes. They 
penetrate surficial material consisting of chert pebbles and fragments, 
among which are masses of iron and manganese oxides, and some of 
them pass through this material into chocolate-colored manganese- 
bearing clay. The clay overlies the Plattin limestone, of which there 
are many exposures in parts of the prospected area. Very little ore 
was seen on the dumps at the time of visit (April 19, 1918) . The larger 
pieces that were taken from the openings had been hauled to Cush- 
man and shipped. 

WA(JO PROSPECT. 

The Waco prospect, controlled by the Waco Manganese Co., of 
Batesville, Ark., is on the T. S. M. Patterson tract, just east of 

88 Penrose, R. A. F., jr., op. cit., p. 227. 
*• Idem, p. 226. 
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Vii]k Bayou, in the northern part of sec. 18, T. 14 N., K. 6 W., 4 
miles east by south of Cushman. No prospecting or mining had 
been done on the tract when the writer was in this vicinity, June 7, 
1918, but he was told that manganese ore had been found on the 
surface at several places. As shown on the map (PI. I) this tract 
is in an area where the Plattin limestone is the surface rock forma- 
tion. In the fall of 1918 the above-named company operated a wash- 
ing plant for a short time. 

DENISON MINE. 

The Denison mine, also known as the Patterson mine, Skinner- 
Abbot mine,^° and John B. Skinner mine,^^ is on the east side of Polk 
Bayou, 4 miles east of Cushman. The tract on which it occurs com- 
prises 60 acres ir the SW. J SW. i sec. 7 and approximately the W. i 
NW. i NW. i sec. 18, T. 14 N., K. 6 W. 

The mine was operated by Skinner & Abbot from 1888 to 1891, 
inclusive. Although much of the manganese ore shipped by them 
was " lump ore " that had been hand sorted from the inclosing clays, 
some of the ore consisted of concentrates that had been freed from 
the ore-bearing clay in a washing plant on Polk Bayou, half a mile 
from the mine. The production by Skinner & Abbot is not known, 
but Penrose gives 13 analyses, which he says represent as many car- 
load shipments from this propeily. The mine was next operated, in 
1916, by N. W. Keith, the owner at that time, who mined 4J car- 
loads (about 120 tons) of "lump ore." Walter Denison, jr., pur- 
chased the property in 1917 and mined eight carloads (254 tons) of 
'* lump ore." In 1918 the Oklahoma-Kansas Mining Co., of which 
O. M. Bilharz is president, purchased the property and erected a 
washing plant known as the Bilharz washer. (See PL XV, A,) 
The washer was completed about November 1, 1918, but it has never 
been operated. 

The workings, which are pits, cuts, and shafts, the shafts being 
as much as 35 feet deep, have been made here and there over an area 
of 15 to 20 acres on the crest and north slope of a hill. Those on the 
crest penetrate sticky chocolate-colored clay, and those on the slope 
penetrate sticky red and yellow clays. These clays, as revealed in 
most of the workings, contain masses of manganese ore, and parts ot 
them contain chert pebbles and fragments and limestone fragments. 
They overlie the Plattin limestone and in places fill hollows, cavities, 
and channels a few feet or more wide and 35 feet or more deep in 
this limestone (PI. XV, 5, and fig. 13.) This limestone is exposed 
at many places, and the Kimmswick limestone, which rests upoB 

••Harder, E. C, Manganese deposits of the United States, with sections on foreign 
deposits, chemistry, and uses: U. S. Geol. Survey Bull.. 427, p. 112, 1910. 
" Penrose, R. A. F., jr., op. cit, pp. 240-242. 
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the Plattin, is exposed in and near an old cut that was made by- 
Skinner & Abbot on the crest of the hill. Many of the channels in 
the limestone are joints that have been widened by the dissolving of 
the limestone on either side of them. The rela^tions of the manga- 
nese-bearing clay to the underlying limestones at this cut are shown 
in figure 13. A large part of the clay is obviously residual from the 
Plattin and Kimmswick limestones, but much of it, as well as the 
manganese ore, is residual from the Fernvale limestone, which has 

been completely decomposed. 
Most of the ore has settled by 
gravity to its present posi- 
tion, but part of it has been 
carried there as wash. 

The ore occurs in irregular 
masses, which range in size 
from fine particles to boul- 
ders weighing as much as 300 
pounds. Most of these 
masses are compact, and they consist of massive granular brau- 
hite, hausmannite, and steel-blue psilomelane, which are more or 
less intermixed. The ore at places has been found to extend from 
the surface to the bottom of the workings, but the full depth every- 
where and the total areal extent of the ore body have not been de- 
termined. The following analyses are of carload lots of manganese 
ore shipped from the Denison mine : 

Analyses of manganese ore from the Denison mine. 



25 FEET 



Figure 13. — Section at Denison mine, showing 
manganese-bearing clay (a) in hollows in the 
surface of the Plattin limestone (e) and 
Kimmswick limestone (6). (After Penrose.) 
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5-13. Shipped to the Illinois Steel Co. 
14-21. Mined by Walter Denison, jr. 



Digitized by VjOOQIC 



INDEPENDENCE COUNTY. 153 

MABSHAUL. MINE. 

The Marshall mine is on the Mrs. J. Marshall tract, in the NW. J 
SW. i sec. 7, T. 14 N., R. 6 W., 4 miles east of Cushman, and consists 
of pits and cuts a few feet or more deep within an area of about 3 
acres in the hollow north of the Patterson mine. Work has been 
done recently, and about 50 tons of manganese ore are said to have 
been mined and shipped. The ore is like that at the Denison mine 
and is in red and yellow clays that overlie the Plattin limestone, of 
which exposed ledges are common, or that fill channels in the lime- 
stone. 

R. T. PATTERSON MINE. 

The R. T. Patterson mine is in the SW. i sec. 7, T. 14 N., R. 6 W., 
4 miles east of Cushman. It is in the hollow north of the Denison 
mine and is east of the Marshall mine. It was operated in 1916 and 
1917 by R. T. Patterson, the owner, who mined 50 tons of manganese 
ore. 

Pits and shafts as much as 20 feet deep have been dug in red and 
yellow clays in an area of about 2 acres on the south side of the wet- 
weather stream that drains the hollow. These clays overlie the Plat- 
tin limestone and fill channels in it as they do at the Denison and 
Marshall mines. The manganese ore is similar to that at the two 
mines just named. 

JOHN PATTERSON PROSPECT. 

The John Patterson prospect, owned by the Liberty Manganese 
Co., of Chicago, 111., is in the NE. i SE. i sec. 7, T. 14 N., R. 6 W., 4J 
miles east of Cushman. Many pits as much as 6 feet deep were dug 
in 1917 by Mr. Patterson in a draw on the gentle southeast slope of a 
hill, and they yielded 20 tons of " lump " manganese ore. The above- 
named company did a small amount of work in 1918 and obtained 
3 tons of ore. Pockets of red waxy ore-bearing clay have been pene- 
trated by the pits and lie between ledges and boulders of the Joachim 
and Plattin limestones, which are exposed over much of the surface. 

The manganese ore is found in this clay from the surface to the 
bottoms of the clay pockets. Small pieces of ore found on the sur- 
face indicate that it occurs over a much larger area than the 1 acre 
in which the pits have been dug. It consists of irregular compact 
masses of hausmannite and steel-blue psilomelane and is a very high 
grade of ore; apparently it would contain between 55 and CO per 
cent of manganese in carload lots. Some masses of red iron oxide 
are also present in the clay. Mr. Patterson states that one man with 
pick and shovel can mine an average of 400 pounds of ore each day. 

Although the masses of manganese ore are in clay that overlies 
the Joachim and Plattin limestones they are a residue from the de- 
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eomposition of the Fernvale limestone, which has been entirely eroded 
from this locality, and they have been brought to their present posi- 
tion by gravity or by streams or by both iagencies. 

O. W. W. PATTERSON PROSPECT. 

The G. W. W. Patterson prospect is in the SW. i NE. J sec. 7, T. 
14 N., E. 6 W., 4^ miles east of Cushman. Two very small pits have 
been dug recently in a red clay that contains chert fragments and 
pebbles, and from them a few hundred pounds of both hard and 
soft manganese oxides were removed. The manganese-bearing 
clay, whose depth and areal extent are yet to be determined, rests 
upon the Plattin limestone, of which there are a few exposures near 
the pits. 

BELL HILT^ PROSPECT. 

The Bell Hill prospect is on Bell Hill, in the NW. i NE. i sec. 7, T., 
14 N., R. 6 W., 4J miles east of Cushman. Considerable prospecting 
was done early in 1918 by S. B. McConnico to determine the size 
and character of the ore body. The Liberty Manganese Co., of 
Chicago, 111., of which Mr. McConnico became a member, has leased 
the property from John Patterson, the owner, and after the writer 
departed from the region in June, 1918, this company began the erec- 
tion of a washing plant, on which work was stopped in November, 
1918. No ore has been shipped from this property. 

The openings, which are pits, cuts, and shafts, some shafts being 
30 feet or more deep, have been dug here and there in red and brown 
clays in an area of a few acres on the northeast and southeast slopes 
of the hill. These clays are overlain by more or less surficial mate- 
rial, consisting mainly of chert fragments and pebbles, and they were 
at no place passed through by the openings. There are no exposures 
of limestone on the hill slopes near the openings, but exposures of 
the Plattin limestone near the base of the hill and on the west slope 
indicate that the clays penetrated by the openings overlie this lime- 
stone. 

More than half of the openings yielded no manganese ore, and 
less than half of the others yielded manganese and ferruginous man- 
ganese ores in quantity that is sufficient to yield a profit even when 
high prices are paid for manganese. Further prospecting may, how- 
ever, reveal extensions of the ore deposit. The ore is mostly in small 
irregular fragments ; some of it is soft but firm and parts of it con- 
tain grains of quartz sand. No analyses are at hand, but the con- 
centrates that would be recovered from the ore dirt examined by the 
writer would Tbe ferruginous and hence would be likely to have a high 
silica content. 
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' PERBIN MINE. 

The Perrin mine is on the east side of Sullivan Creek in the SE. i 
sec. 8, T. 14 N.. R. 6 W., ^ miles northwest of Pfeiffer. It was 
first worked about 30 years ago, when, as stated by Penrose,'* 40 
tons of ore were taken from one pit. It was next worked in 1916 
and 1917 by Frant Perrin, and at the time of visit (May 8, 1918) it 
was being operated by the Ozark Mining Co., the present owner. The 
total production before the time of visit is not known, but it prob- 
ably exceeded 100 tons. 

The workings, which consist of diallow pits and cuts and shafts 
as much as 25 feet deep, are in the bottom of a short hollow and on the 
hill slopes at the head of it. . Those on the hill slopes pass through a 
surficial bed from a few inches to several feet thick, composed largely 
of chert fragments and pebbles, and then penetrate red and reddish- 
brown clay to a depth of as much as 20 feet, whereas those in the 
bottom of the hollow are in pebbly clay, which lies between ledges 
and boulders of limestone and which at most places is only a few 
inches thick. Manganese oxides are irregularly distributed through 
the clays just described, and these oxides are found in small quantity 
in the surficial cherty bed on the hill slope. Although the workings 
show that the clays underlie an area of several acres their depth in 
this area has not been fully tested. The clays are a residue from the 
decomposition of the Cason shale and the Femvale, Kimmswick, 
Plattin, and Joachim limestones. As there are no exposures of the 
Cason shale and none of the Fernvale and Kimmswick limestones in 
either the workings near the top of the hill or on the surface, these 
formations are probably largely, if not completely, decomposed, but 
there are many exposures of the Plattin and Joachim limestones, es- 
pecially in the bottom of the hollow. 

The masses of manganese oxides, which range in size from fine 
particles (" wash ore") to boulders weighing as much as 500 pounds, 
once formed a part of the Fernvale limestone and possibly the Cason 
shale. From these formations they were set free by decomposition 
and erosion, and they settled by gravity down the hill slopes to their 
present position, but some of them, including those in the bottom 
of the hollow, were carried to their present position as wash by 
streams. The manganese ore on the hiD slopes consists of two grades, 
of which one, known as soft ore, is composed of soft earthy though 
firm wad, and the other, known as hard ore, is composed of psilome- 
lane and hausmannite. The ore in the bottom of the hollow consists 
entirely of psilomelane and hausmannite. Mining thus far is said 
to have shown twice as much soft ore as hard ore. " Buttons " of red 
iron oxide, which have been derived from the weathering of the 



w Penrose, R. A. F., jr., op. clt., p. 236. 
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Cason shale, are common though not abundant in the manganese- 
bearing clays. The following analysis, supplied by Capt. Vance, 
represents the composition of a carload of ore shipped by him from 
this mine in 1918 to the Southern Manganese Corporation : 

Analysis of mafiifanese ore from the Perrm mine. 

Manganese (Mn) 41.00 

Iron (Fe) 9^ 

Moisture 8.52 

Another car of ore shipped from this mine by Mr. Vance is said by 
him to have contained 53 per cent of manganese. 

KELI4&Y PROSPECT. 

The Kelley prospect, which is in the SW. i sec. 9, T. 14 N., E. 6 
W., is just east of the Perrin mine. A small amount of work has been 
done by means of pits and cuts by A. J. Kelley, the owner. The 
character of the manganese ore and its occurrence at this prospect 
are the same as those of the ore in the workings on the hill slopes at 
the Perrin mine. 

HAIGWOOD PROSPECT. 

The Haigwood prospect is in the NW. J SE. J sec. 9, T. 14 N., 
E. 6 W., 4 miles northwest of Pfeiffer. Work has been done here by 
J. W. Haigwood, the owner, beginning in 1917, and before the time 
of visit (May 13, 1918) he had mined and marketed 30 tons of hand- 
picked manganese ore. The openings, which are pits and cuts as 
much as 18 feet deep, have been dug along an east hill slope for a 
distance of 150 to 200 yards. They penetrate chocolate-colored and 
black clays, which are overlain at the surface by a few inches to 
several feet of chert fragments and pebbles. Steel-blue psilomelane, 
some of which is compact and some porous, occurs disseminated 
through the clays as irregular-shaped masses, ranging in size from 
fine particles to boulders of 100 pounds. The depth and areal extent 
of the manganese-bearing clays have not been fully tested. None of 
the openings have been dug deep enough to reach the underlying 
limestone. The only limestone that crops out in the vicinity is the 
Plattin limestone, which is exposed on the slope above the openings 
that are farthest north. 

J. B. THOMPSON PROSPECT. 

The J. B. Thompson prospect is on the west side of a northward- 
trending hollow, in the NE. J sec. 9, T. 14 N., E. 6 W., half a mile 
south of Coon Creek, and 4 miles northwest of Pfeiffer. Some work 



Digitized by VjOOQIC 



INDEPENDENCE COUNrY. 157 

was done here 25 to 30 years ago and a little was done in 1917 by 
J. B. Thompson, the owner, who mined and marketed 5 tons of hand- 
picked manganese ore. The workings consist of a few very small 
pits and of a shallow cut in the bottom of which a shaft 27 feet deep 
has been dug. They penetrate a chocolate-colored manganese-bearing 
clay, which is overlain by surficial material from a few inches to 
5 or 6 feet thick, composed largely of chert fragments; but a mass of 
sand containing chert pebbles extends to the bottom of the shaft on 
one side of it, whereas chooolate-colored clay occurs on the other 
side of the shaft. Only a very small quantity of manganese ore had 
been removed from the other workings. The Plattin limestone is 
exposed on the hill slope below the main cut and south of it. No 
limestone exposures were observed on the slope above the workings. 

WILDCAT PROSPECT. 

The Wildcat prospect, also known as the William Eeves prospect, 
is on the north slope of the ridge forming the divide between Coon 
and Cave creeks, in the SW. i NW. i or the NW. i SW. i sec. 10, 
T. 14 N., R. 6 W., 3f miles northwest of Pfeiffer. It is on land 
owned by Halsell & Stafford, of Oklahoma City. It was worked in 
1917 by W. H. Denison, who mined and shipped 22 tons of " lump 
ore." 

The workings, consisting of pits, shafts, and tunnels — ^some made 
recently and so^le many years ago — were badly caved at the time 
of visit (May 8, 1918), so that the ore-bearing clay in place could 
not be examined very well. The clay as it is revealed in the work- 
ings and on the dumps is part reddish brown and part chocolate- 
colored ; it is overlain by a few inches to 4 feet of cherty loam, and 
it has been penetrated to a depth of fully 10 feet. Although its 
a real extent has not been fuUy determined, the workings and surficial 
materials indicate that it underlies at least 2 acres. There are no 
limestone exposures in the vicinity, and apparently only a very small 
amount of the Fernvale limestone was found in the workings. A 
fragment of this limestone observed on one of the dumps has fine 
particles of manganese oxide disseminated through it. 

The manganese ore occurs as fine particles (" wash ore ") and as 
slabs and irregular-shaped boulders (" lump ore ") and consists 
mainly of compact steel-blue psilomelane but partly of hausmannite, 
either in separate masses or intimately mixed. Some of the slabs 
of ore on the dumps show a roughly banded arrangement of these 
minerals, and a few such slabs contain crystals of white barite. 
(See PI. X, C) Eed iron oxide in small quantity is found in the 
clay associated with the manganese ore. 
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HUNT HOLIiOW MINE. 

The Hunt Hollow mine, owned by William Einstein, is in Hunt 
Hollow in the SE. i NW. i, the NE. i SW. i, and the NW. i SE. i 
sec. 10, T. 14 N., K. 6 W., 3^ miles north-northwest of Pfeiffer. A 
small amount of work was done about 30 years ago, and the next 
work was done by the Vance Mining Co., the present lessee, beginning 
in 1917. At the time of visit (May 21, 1918) this firm had mined 
and shipped 80 tons of manganese ore containing 52 per cent of 
manganese and 140 tons of manganese ores containing 22 per cent 
of manganese. 

The mine consists of two groups of workings, one of which is at 
the head of Hunt Hollow and the other a quarter of a mile farther 
north, on the east slope and north point of a hill. The workings at 
the head of the hollow are on an east and southeast slope and include 
one tunnel 30 feet long, a shorter tunnel, one cut, and a shaft 27 feet 
deep. They passed through a few inches to a few feet of surficial 
material, composed mainly of chert fragments and pebbles, and then 
penetrated for several feet red, yellow, and dark-brown manganese- 
bearing clays. The depth and extent of these clays had not been 
proved at the time of visit. The only limestone exposures in the 
vicinity at that time were one mass of Fernvale limestone and two 
masses of Kimmswick limestone. The manganese ore is mainly com- 
pact steel-blue psilomelane, but partly hausmannite and braunite, 
itnd it occurs as fine particles and as limips and slabs, irregularly 
distributed through the clay. The largest slab thus far found 
weighed more than 3 tons. The presence of tabular casts in some 
of the ore suggests that they once contained barite, which occurs in 
a number of deposits in the region. 

The workings on the east slope and north point of the hill farther 
north comprise several shallow pits and cuts and one tunnel. They 
have been dug in chocolate-colored manganese-bearing clay whose 
surficial portion is mixed with chert fragments and pebbles. 
Although the clay has been penetrated to a depth of 10 to 15 feet, 
its total thickness and areal extent have not been determined. The 
presence of several large outcrops of the Plattin limestone in the 
vicinity indicates that the clay overlies this limestone. Much mealy 
wad and many fragments of psilomelane, hausmannite, and braunite 
occur in the clay. The 140 tons of manganese ore (wad), containing 
22 per cent of manganese, that has been shipped from this mine was 
obtained from the tunnel at this locality. Some fragments and 
boulders of fossiliferous chert taken from the tunnel were partly to 
wholly replaced by psilomelane. They were once a part of the 
Kimmswick limestone or Fernvale limestone and were set free by the 
decomposition of the limestone. 
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SMITH PROSPECT. 

The Smith prospect, which is owned by L. H. Smith and G. W. 
*Smith, is in Hunt Hollow, about one-fourth of a mile south of Coon 
Creek, in the NE. i sec. 10, T. 14 N., K. 6 W., 4 miles north-north- 
west of Pfeiffer. Work was done here in 1918 by L. H. Smith and 
^bout 2 tons of hand-picked manganese ore had been taken out befoi'e 
the time of visit (May 7, 1918) and hauled to Pfeiffer, where it was 
•shipped. The principal opening is a cut 15 feet long and a few 
feet deep that was dug near the base of a hill slope on the east side 
of Hunt Branch, a small stream said to run the year round. The 
<;ut is in chocolate-colored manganese-bearing clay, which is over- 
lain in a part of the cut by a bed 6 feet thick composed of well- 
rounded chert pebbles. The manganese ore, which consists largely 
of psilomelane, occurs in the clay as masses weighing 15 pounds or 
less. The fine particles of ore ("wash ore") forms a considerable 
part of the ore-bearing clay, and at the time of visit Mr. Smith was 
planning to separate some of it from the clay by dry screening. The 
other workings include an old badly caved cut higher on the slope 
than the one just described and a shaft 10 feet or more deep, in a 
bed of chert fragments and pebbles on the top of the hill to the east. 
The depth and areal extent of the ore-bearing clay have not been 
determined. There are no outcrops of limestone in the vicinity, 
but outcrops of the Plattin limestone at the mouth of Hunt Hollow, 
less than one-fourth of a mile away, suggests that the ore-bearing 
clay overlies this limestone. 

m'gee mine. 

The McGee mine consists of pits and cuts 10 feet or less deep scat- 
tered over an area of about half an acre, on and near the crest of a 
hill on the north side of Coon Creek, in the SE. i SE. J sec. 3, T. 14 
N., R. 6 W,, 4 miles north-northwest of Pfeiffer. It was worked 
about 30 years ago by E. H. Woodward & Co., who mined and 
shipped one carload of ore,®^ and it has been worked recently by 
W. A, Hamer, who mined 300 tons of ore during the first 9 months 
of 1918. The openings are in a surficial loam 2 feet thick, composed 
mainly of chert fragments, and in red clay below the loam. The 
crest of the hill south of the openings is capped by a bed of chert 
fragments at least several feet thick. Psilomelane, manganite, wad, 
and some iron oxide, all more or less intimately mixed, occur as fine 
particles and masses a few feet across in both the clay and the sur- 
ficial material. Iron oxide cements together some of the chert frag- 
ments, and manganese oxide has coated many chert fragments and 

wPenroBe, R. A. F., Jr., Manganese — its uses, ores, and deposits: Arkansas Geo!. 
Survey Ann. Kept, for 1890, vol. 1, pp. 238-239, 1891. 



Digitized by VjOOQIC 



160 MANGANESE ORE IN XHE BATESVIIXE DISTEICT, ARK. 

penetrated them along cracks. The manganese ore at this locality- 
would be classed as a ferruginous manganese ore. Considerable 
silica in the form of sand grains occurs in parts of the manganese 
ore. If the sandy ore can not be avoided in mining the silica con- 
tent of the marketed ore will be high. Sufficient prospecting has 
not, however, been done here to prove fully the size and character of 
the ore deposit. No limestone has been found in the openings, but 
further prospecting will show that the deposit overlies the irfegular 
surface of the Plattin limestone, of which large exposures occur just 
north of the present openings. 

A. G. GRAY 3IINE. 

The A. G. Gray mine, owned by A. G. Gray, is about one-fourth 
of a mile north of Coon Creek, in the NE. i SE. i sec. 3, T. 14 N., R. ^ 
W., 4:i miles north-northwest of Pfeiflfer. The workings, which are 
shallow pits, have been dug through an east-west distance of about 
one-eighth of a mile, on and near the top of a hill at the head of the 
hollow that trends southward and passes just east of the McGee mine. 
Some of them were dug 25 or 30 years ago, and the recent ones were 
dug in 1918 by W. A. Hamer, the present lessee, who had mined and 
marketed 60 tons of ore before June 30, 1918. The openings penetrate 
but do not pass through the brown manganese-bearing clay, which is 
overlain on the slopes and on the crest of the hill by a surficial la3^er 
a few inches to a few feet thick of chert frai^nents and pebbles. 
Although no limestone is exposed on the surface near the openings 
and none was found in them the ore-bearing clay probably overlies 
the Plattin limestone, which is exposed not far away to the southeast 
and southwest. 

The manganese ore consists of steel-blue psilomelane and of wad. 
Some masses of psilomelane weigh as much as 100 pounds or more. 
Both are irregularly distributed through the clay. Besides the man- 
ganese ore the clay contains nodules and slabs of chert which are 
partly to entirely replaced by manganese oxide. This chert and much 
of the clay as well as the manganese ore are a residue from the decom- 
position of the Fernvale limestone, but some of the clay is doubtless 
a residue from the decomposition of the Kimmswick and Plattin 
limestones. 

W. T. GRAY MINE. 

The W. T. Gray mine, owned by W, T. Gray, is on and near the 
divide between Bamitz Creek on the north and Coon Creek on the 
south and is 4J miles north-northwest of Pfeiffer. It was worked 
25 to 30 years ago by J. B. Gray and H. M, Hodge, and most of the 
ore shipped by them was hand-sorted " lump ore," but some material 
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was hauled to the washer operated by Skinner & Abbot, on Sullivan 
Creek, 2J miles west, where the smaller particles (" wash ore") were 
i^covered from the clay. The next mining was done by W. T. Gray, 
beginning in August, 1917. The total production of the mine before 
the time of visit (May 7, 1918) is reported to have been about 375 
tons. Since then considerable systematic prospecting has been done 
by Dwight E. Woodbridge. 

The workings consist of many pits and cuts as much as 30 feet deep 
that have been dug here arid there over 100 or more acres in the 
W. i NW. 4, the NW. i SW. i, and the NW. i SW. i SW. i sec. 2 
and the SE. J NE. i sec. 3, T. 14 N., E. 6 W. Most of the tract thus 
worked is gently rolling but part is rough hilly land, and the greater 
part of the tract has been cleared and cultivated. Rock exposures 
are common on parts of the tract but are absent from much of it. 
The rocks here exposed are limestones, which are overlain by a sur- 
ficial bed composed of their residual clays and chert, chert fragments 
and pebbles, quartz sand, and masses of manganese oxides. 

The Fernvale limestone is exposed as rusty boulders and ledges at 
many places on the surface and in the workings on the crest of the 
hill and on the hill slopes west and northwest of the main cut, which 
is in the SW. J NW. i sec. 2. This is the youngest limestone exposed 
in the vicinity, but a shaft near the crest of the hill southwest of the 
main cut encountered masses of the St. Clair limestone. A " button " 
of iron oxide found on the dumps together with the broken frag- 
ments of this limestone suggests that the Cason shale also underlies 
the crest of the hill. The Kimmswick limestone which lies beneath 
the Fernvale limestone, is nowhere exposed, but the Plattin, the next 
lower limestone, is exposed at many places on the hills south and east 
of the main cut and at a few places north of the main cut and along 
the small stream that flows northward j'ust east of this cut. The 
Joachim limestone, which is below the Plattin, is exposed at a few 
places in the SE. J NE. J sec. 3, about one-fourth of a mile west of 
the main cut. The exposures and low dips of these limestones indi- 
cate that the mine lies in a shallow syncline. The accompanying sec- 
tion (fig. 14) illustrates the structure of the limestones and their re- 
lations to the overlying surficial material at this locality. 

The main cut, dug in 1917 and partly caved at the time of visit 
(May 7, 1918), is 180 feet long, 8 to 20 feet wide, and 30 feet deep at 
the deepest place and trends S. 60° W. into a gentle east slope. It 
is entirely in surficial material, which consists of lenses and pockets 
of sand, beds of chert, manganiferous clay (wad), and chocolate- 
colored cherty clay. The cherty clay occurs in and near the bottom 
of the cut and contains masses of hard manganese ore, whereas the 
others are more or less intermixed and interbedded and occur at and 
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near the surface. The chert, manganiferous clay, and cherty clay are 
for the most part residual products of the decomposition of the Fern- 
vale limestone, but the sand was carried by streams and deposited on 
the surface of this limestone or in underground channels in it before 
the limestone was decomposed. Although the two sections given 
here show the character of these materials in parts of the cut, other 
sections made elsewhere would be quite different. The first section, 
made at the east end of the cut, is of beds of fairly uniform thickness 
that dip 45° N. 20° E., and the second section, made on the north side 
of the cut, is of beds which not only vary in thickness but are 
abruptly cut off on the east — possibly by a fault in the surficial 
material. 




FiouRC 14. — North-south section through the W. T. Gray property, i^iowing the structure 
of the rocks and the relations of the ore-hearlug surflcial material to the rocks, a, 
Surficial ore-bearing material ; h, Fernvale limestone ; c, Kimmswick limestone ; d, 
Plattin limestone; e, Joachim limestone. 

Section at east end of the main cut at the W. T, Gray mine. 

Feet. 

Chert 3-f? 

Black manganiferous clay (wad), classed as low-grade man- 
ganese ore, which at this locality contains 20 to 25 per 
cent of manganese '. 7 

Interbedded chert and clay 10 

Black, porous, light, soft though firm earthy material, classed 
as second-grade manganese ore, which at this locality con- 
tains 30 to 35 per cent of manganese 2i 

Black manganiferous clay (wad), classed as low-grade ore. 1 

Chert fragments and day. 

Partial section on north side of the main cut at the W, T. Orap mine. 

Feet 
Black manganiferous clay (wad), classed as low-grade man- 
ganese ore 2-4 

Interbedded chert and claj'^ 4 

Black manganiferous clay (wad) 3i 

Red clay interbedded with black manganiferous clay (wad)- Few. 
Yellow quartz sand containing some chert fragments and 

pebbles 2-6 

Chocolate-colored clay containing both fine particles and 
boulders of hard manganese oxides. This is in bottom, 
of cut. 
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A bed of sand 8 feet thick is revealed at the surface on the north 
side of the cut near its west end, but a shaft 15 feet north of the 
exposure shows it to be 15 feet thick. 

The manganese ore that was mined from this cut and shipped 
in 1917 was hand sorted and comprised three grades, which were 
shipped separately. The production of these several grades is stated 
by Mr. Gray to have been 55 tons of " first-grade " ore, containing 50 
per cent of manganese in carload lots; 35 to 40 tons of "second- 
grade" ore, containing 30 to 35 per cent of manganese in carload 
lots ; and 200 tons of " low-grade " ore, containing between 20 and 25^ 
per cent of manganese. The " low-grade " ore is black manganiferous 
clay (wad), and the "second-grade" is a black, light, porous, soft 
though firm wad with small particles of hard manganese oxide scat- 
tered through it. The high-grade ore consists of compact steel-blue 
psilomelane, with which smair quantities of hausmannite are mixed^ 
and occurs as fine particles (" wasli ore ") and slabs and irregular 
masses weighing as much as 2 tons. Most of the " first-grade " ore has. 
been found in the chocolate-colored clay in the bottom of the cut. 
Much of the " first-grade " ore occurs in the " second-grade " ore but 
vei-y little occurs in the "low-grade" ore. The ore at the other 
workings consists largely of compact steel-blue psilomelane. Some 
of the chert found in the manganese-bearing clay on this property 
has been partly to wholly replaced by manganese oxide. 
j A cut 18 feet wide, 25 feet long, and 15 feet deep has been dug 

! 300 feet east of the main cut and on the east side of the small 
I northward-flowing stream. It reveals brown clay and black man- 
I ganiferous clay (wad), also pockets as-much as 10 feet thick of yel- 
low sand in which there are a few angular fragments and pebbles of 
chert. Although these clays are overlain by the sand they in places 
extend upward to the surface. An old shaft a short distance east 
of this cut is said to have yielded a carload of high-grade ore 25 years^ 
ago. 

On the low hill just west of the main cut ore was mined 25 years 
ago from clay lying between exposed boulders and ledges of the 
Fernvale limestone, but only a little mining has been done on this 
hill recently. 

A few pits that have been dug in gravelly surface loam in an 
area of 2 or more acres in the NW. J NW. J sec. 2 are said to show 
that manganese ore in fine particles and larger masses extends from 
the surface to a depth of 4 feet. Two boulders of ore said to have 
been found in this area many years ago were together the size of 
a bale of cotton, and a boulder of ore weighing 1,000 pounds was 
found in 1917 in plowing the land. 

A cut has been dug to a depth of 15 feet in red and chocolate- 
colored clays in the SE. J NE. J sec. 8, just west of the 40-acre tract 
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on which the main cut is located. Hard manganese oxides were 
found in the chocolate-colored clay in both fine particles and boulders 
weighing as much as 1 ton, and masses of the oxides weighing a few 
pounds or less were observed at the time of visit in the beds of 
gullies. Systematic prospecting which was done in 1918 over part 
of this 40-acre tract and part of the 40-acre tract on the east by 
Dwight E. Woodbridge proved the presence, he states, of a large 
tonnage of high-grade manganese ore. 

Considerable "wash ore" may be seen in the clay now lying on 
the dumps of both old and recent pits and cuts on the hills west 
and southwest of the main cut. The larger masses of ore were hand 
picked from the clay and shipped. Some of the clay removed from 
the workings contains fragments of chert that have been partly or 
entirely replaced by psilomelane. 

On the east side of the hollow east of the McGee mine, in the 
NW. i SW. i SW. I sec. 2, a cut has been dug in red and yellow 
clays, in which veins and irregular masses of manganese oxides 
(psilomelane and manganite) and iron oxide have been found. Ore 
mined at this locality would be classed as a ferruginous manganese 
ore, as the manganese and iron oxides are intimately mixed. 

The following are analyses of samples from three carloads of ore. 
shipped by J. B. Gray to Carnegie Bros, & Co.** 

Analyses of manganese ore from the W. T. Gray mine. 



Manganese (Mn).. 

Iron(re) 

Phos'^horus (P).. 

SlUca(SiOj) 

Moisture 



2.90 

.126 

2.50 



46.36 
S.53 

.12K 
4 25 
2.50 



49.36 
5.97 

.156 
3.90 
5. 50 



UNITED STATES-CANADIAN MANGANESE CO.'s PROSPECT. 

The United States-Canadian Manganese Co.'s prospect, also 
known as the Weaver prospect, is in the NE. J NE. i sec. 3, T. 14 
N., R. 6 W., ^ miles north-northwest of Pfeiffer, but other parts of 
the company's land, including the NW. J NE. -J sec. 3 and the S. i 
SE. J sec, 34, T. 15 N., R. 6 W., have been prospected. Prospecting 
at the locality first named was begun in 1917 by persons who in 1918 
organized the above-named firm and at the time of last visit (June 
4, 1918) further prospecting was being done and a dam was being 
built across the small northward-flowing stream to impound water 
for use in a washing plant to be built near by. The washing plant 
was nearly completed in November, 1918, when work on it was dis- 
continued on account of lack of demand for domestic manganese ores. 

»* Penrose, B. A. F., Jr., op. clt, p. 288. 
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Only a few tons of " lump ore " that was found during the prospect- 
ing has been sold. 

The principal workings have been made within about 3 acres on 
the crest and gentle northwest slope of a hill. They consist of one 
cut 250 feet long, 25 feet wide, averaging 4 feet deep, another cut 
118 feet long, 28 feet wide, averaging 2 feet deep, one shaft 50 feet 
deep, and a number of pits 4 to 8 feet deep. They have been made 
in red, yellow, and chocolate-brown clays, of which the layer 2 to 4 
feet thick at the surface contains some chert pebbles and fragments. 
These clays are mainly a residue from the partial or complete decom- 
position of the Fernvale, Kimmswick, Plattin, and Joachim lime- 
stones. The first two of these limestones are apparently entirely 
decomposed, as there are no exposures of them either on the surface 
or in the workings, whereas the other two are only partly decom- 
posed. Small boulders of the Plattin limestone were found in the 
shaft, and a few masses of it were found in the two cuts. This lime- 
stone is exposed at the surface near the dam, and the Joachim lime- 
stone if exposed farther north along the small stream. 

The manganese ore consists of compact steel-blue psilomelane, 
hausmannite, and a smaller quantity of manganite and it is irregu- 
larly distributed through the red and chocolate-colored clays as 
fine particles (" wash ore") and as lenticular and irregular masses 
weighing as much as 300 pounds. A small quantity of red iron 
oxide in small pieces occurs also in the clays. The yellow clay, 
which lies next to the undecomposed limestone, does not contain 
any ore except near its contact with the other clays. Ore has been 
found in greater or less quantities not only in all the above -described 
openings but also in the bed of the stream above and below the 
dam and in gullies that trench the narrow, flat through which the 
stream flows. The ore found in the larger gullies and in the stream 
bed is like that in the residual clays except that it has been trans- 
ported by streams and deposited in their beds with many pebbles 
and fragments of chert. Its presence in the stream bed and gullies 
suggests that it underlies much of the level area or flat adjoining 
the stream, but neither the depth of this ore-bearing material nor 
its areal extent have been proved by prospecting. 

E. W. ROACH PROSPECT. 

The E. W. Roach prospect is in the NW. i sec. 35, T. 15 N., K. 
6 W., about one- fourth of a mile north of Bamitz Creek, and 1^ 
miles east-northeast of Sandtown. Work was done at this locality in 
1917 by E. W. Roach, the owner, who mined and marketed 13 or 
14 tons of manganese ore. The workings consist of one pit 8 feet 
deep and several smaller ones, which have been dug here and there 

104569—22 12 
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over an area of about 1 acre in a nearly level tract. The largest 
pit has been sunk in a bed of yellow clay which contains many 
well-rounded pebbles. The clay contains also psilomelane, which 
has partly to entirely replaced much of the clay and has cemented 
many of the pebbles together. To separate the psilomelane from 
the clay and pebbles would require crushing and jigging, but the 
quantity of this mineral is too small to justify the installation of 
expensive machinery. A few pieces of manganese minerals were 
found on the dumps of the other pits. 

The clay is obviously a residue from the decomposition of the 
limestones exposed near by, and the manganese was probably derived 
from the Fernvale limestone, of which a few loose boulders lie 
on the surface near the openings. The boulders are not in place 
but rest upon the weathered edges of the Plattin and Joachim lime- 
stones, which underlie a nearly circular area and dip at high angles 
toward its center. They lie therefore in a funnel-shaped syncline. 
The Plattin limestone, which is present in the center of the syn- 
cline, is brecciated in places, and its outcrop is 250 feet in diameter. 
Outside the Plattin limestone the Joachim is exposed in a narrow 
belt and outside this belt the St. Peter sandstone is exposed. 

The manganese deposit .and the boulders of Fernvale limestone 
are on and near the southwest edge of the syncline. The most 
plausible explanation for the peculiar occurrence of these boulders 
and the origin of the deposit is that masses of the Fernvale limestone 
fell or settled into an old sink or cave in the Plattin and Joachim 
limestones; that the pebbles were gradually washed from the sur- 
face into the sink hole or cave and were deposited in the clay as 
it accumulated in the bottom ; and that the manganese was derived 
from the decomposition of the masses of the Fernvale limestone 
and was later deposited in the clay, partly or entirely replacing 
much of it. 

HAWKINS MINE. 

The Hawkins mine is half a mile southeast of Sandtown and 5 
miles north-northwest of Pfeiffer, on a tract of land formerly owned 
by T. R. Hawkins but recently purchased by C. H. Plumb, who sold 
half of his interest to Paul Harding. This tract comprises the S. ^ 
SW. J sec. 34, T. 15 N., R. 6 W., the NW. i sec. 3, and the E. ^ sec. 4, 
T. 14 N., R. 6 W. 

The mine was first operated in 1916 by Mr. Strahan, who mined 
45 tons of manganese ore ; some work was done later by Mr. Hawkins, 
who mined 15 tons of ore; and 43 tons was mined by Messrs. Plumb 
and Harding. 

The workings, which are pits 15 feet or less deep, have been made 
on the slopes and crests of hills. Some of them pass through the 
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surficial material, which consists mainly of chert pebbles and frag- 
ments, and penetrate red clay. Although most of the pits reveal ore 
the total depth and areal extent of the one or more ore bodies are 
yet to be determined. The presence of outcrops of the Plattin lime- 
stone at various places on the slopes indicates that the clay overlies 
this limestone. The Femvale and Kimmswick limestones are no- 
where exposed and have apparently been entirely removed by erosion. 

The manganese ore consists of small nodular or botryoidal masses 
and large irregular masses, which are composed in part of psilome- 
lane and manganite but in large measure of black earthy, soft though 
firm wad. In places the ore contains chert, pebbles, and fragments, 
in others it contains grains of quartz sand, and much of it is inti- 
mately mixed with brown iron oxide. The ore taken as a whole is a 
siliceous ferruginous manganese ore, but the grade can be improved 
by hand sorting and by avoiding the places where the silica and iron 
contents are highest. Samples of oie that have been analyzed are 
said to show a manganese content between 30 and 32 per cent. 

The ore at this mine resembles that at the Chapel Hill and Roach 
mines, which are described on pages 167-168 and 169-171, respec- 
tively, and its origin is the same as that of the ore at those mines. 

JErr WEAVER PROSPECT. 

The Jeff Weaver prospect consists of several pits and .cuts a few 
feet deep on the north slope of a hill in the NW. J SWi J sec. 34, T. 
15 N., R. 6 W., half a mile southeast of Sandtown and 5 miles north- 
northwest of Pfeiffer. The ore-bearing clay at this locality overlies 
the irregular surface of the Joachim and Plattin limestones, which 
are exposed at places on the slope. Manganese ore has been mined 
and hauled away from this prospect, but the quantity was not learned. 
The ore is similar to that on the Hawkins tract, which adjoins the 
Weaver property on the south. 

CHAPEL HILL MINE. 

The Chapel Hill mine, owned by the Cleveland Manganese Mining 
Co., is on the west and southwest slopes and on the crest of Chapel 
Hill, in the N. i SW. i sec. 33, T. 15 N., R. 6 W., half a mile west of 
Sandtown, and 6J miles east by north of Cushman. The crest of the 
hill is about one-fourth of a mile west of Sullivan Creek and 240 
feet above this stream. The mine was first worked by Skinner & 
Abbot about 30 years ago, and some of the manganese ore mined by 
them was treated in a washing plant on Sullivan Creek at the base 
of Chapel Hill, which they operated. A production of several hun- 
dred tons of manganese ore at that time is mentioned by Penrose,** 

••Penrose^ B. A. F., Jr., op. cit., p. 247. 
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who described the property as the Morris tract. Very little mining 
has been done there during the last few years. At the time of visit 
work was being done by W. A. Hamer. 

The workings include one shaft 25 feet or more deep and a feTwr 
cuts 10 feet or less deep, which have been made in an area of perhaps 
2 acres. 

Chert fragments and pebbles cover much of the surface to a depth 
of 1 to 2 feet, but many of them are in the red clay found below the 
surficial layer, and in the shaft they extended to a depth of 25 feet. 
Most of the chert fragments have been derived from the Boone chert, 
but some of the chert in the clay is a residue from the decomposition 
of the Fernvale limestone, which once occurred at this locality but has 
been entirely eroded except its clayey and cherty constituents. Al- 
though part of the clay is residual from the Fernvale limestone, some 
of it is residual from the Kimmswick and Plattin limestones. The 
Plattin limestone is exposed on the slopes below the workings, but 
the Kimmswick limestone like the Fernvale has been entirely re- 
moved except its clayey constituents. The total thickness of the clay 
has not been determined, for none of the workings appear to have 
reached the underlying Plattin limestone nor has the areal extent of 
the clay been fully tested. 

The ore is a ferruginous manganese ore, consisting of psilomelane, 
soft earthy though firm wad, and brown iron oxide. Most of it is in 
irregular mafsses, but some of it is in nodular or botryoidal masses, 
and many of the chert fragments derived from the Ffernvale lime- 
stone have been partly or wholly replaced by manganese oxide. Some 
parts of the ore contain grains of quartz sand and other parts con- 
tain chert fragments and pebbles. Most if not all of the masses of ore 
at this mine are not residual from the Fernvale limestone and Cason 
shale, as is most of the ore in the Bates ville district, but were formed 
in the ch\y, which the ore has partly or wholly replaced. 

POOL PROSPECT. 

The Pool prospect is three-fourths of a mile northwest of Sand- 
town and is on the A. X. Pool tract, which comprises the NW. i NW. i 
sec. 88 and the S. -J SW. J sec. 28, T. 15 X., R. 6 W. A few pits 4 
feet or less in depth have been dug recently by Mr. Pool and C. H. 
Palmer on two hills on this tract. They are in red clay, much of 
which contains chert fragments and pebbles and masses of man- 
ganese ore. The occurrence of exposures of the Joachim limestone in 
the vicinity indicates that the clay overlies this limestone, but none 
of the pits have been dug deep enough to reach the limestone. 

The manganese ore, which is like that at the Roach, Hawkins, and 
Chapel Hill mines, occurs as both large and small masses of irregular 
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nnd botryoidal shapi'S. Some of the ore contains sand and chert 
pebbles and fragments, part of it is intermixed with iron oxide, 
and much of it is soft and earthy. By careful hand sorting a fair 
grade of ferruginous manganese ore can be obtained. Altogether 
about 15 tons of ore had been mined and marketed before the time 
of visit (June 4, 1918), and 40 tons is reported to have been mined 
before June 80, 1918. 

ADLER- SOUTHARD MINE. 

The Adler-Southard mine, not visited by the writer, is on a tract 
of land owned by N. A. Adler, in the SW. i sec. 29, T. 15 X., R. 6 
W., li miles northwest of Sandtown and 6 miles east-northeast of 
Cushman. Work on this tract has been done from time to time by 
various lessees, who mined 25 tons of manganese ore in 1916, little if 
any in 1917, and 25 tons in the first 6 months of 1918. This ore is 
a ferruginous manganese ore, and Mr. Adler reports that it had an 
average manganese content of 24 per cent. 

ROACH MINE. 

The Eoach mine, owned by the Cleveland Manganese Mining Co., 
is on Koach Hill, in the SE. i sec. 31, T, 15 N., R. 6 W., 4f miles 
east by north from Cushman. It was operated first about 30 years 
ago, but the production if any is not known. It was next operated 
from April, 1916, to March, 1917, by W. H. Denison, who mined 
and shipped 191 tons of manganese ore. A little work was being 
done at the time of visit (June 4, 1918) by the Manganese Develop- 
ment Co., and after that the mine was leased to James A. Welch, 
who began to build a washing plant but did not complete it. 

The workings are on the crest of the hill and on its north and 
west slopes as far as 50 feet below the crest. The earlier workings 
were open cuts 10 feet or more deep, but the recent ones include 
shafts as much as 27 feet deep. Tliey are in red and chocolate- 
colored clays, which are overlain by a surficial bed 2 to 3 feet 
thick composed mainly of chert pebbles and fragments, but many 
chert pebbles and fragments are present in the clays several feet 
below the surface. The clay also contains small and large masses of 
manganese ore. Although the depth and extent of the ore-bearing 
clay have not been fully determined, it is in places at least 27 feet 
thick and perhaps underlies a few acres. None of the workings 
appear to have passed entirely through the clay to the underlying 
limestone, which is either the Joachim limestone or Plattin lime- 
stone. The Joachim limestone and the St. Peter sandstone are ex- 
posed on the slopes below the workings, but no outcrops of the 
Plattin limestone were observed on that part of the slopes. Out- 
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crops of the Plattin, however, were observed on the crest of the 
hill just south of the workings, and they appear to mark the southern 
boundary of the ore body. The occurrence of these outcrops on the 
crest of the hill, at or near the level of the highest workings, indi- 
cates that the concealed limestone surface upon which the ore-bearing 
clays rests is irregular. (See fig. 15.) 

The manganese ore occurs in irregular masses, some as much as 
several feet across, and in small pieces, many of which have a 
botryoidal shape. The large masses are composed mainly of a soft, 
earthy, compact black wad but partly of psilomelane, manganite, and 
iron oxide, and they are cut by many joints whose faces are black 
and show deeply striated slickensides. Many chert pebbles and 
fragments are found in parts of such masses. Boulders of brown 
iron oxide but none of manganese ore were observed on the sur- 
face. The manganese ore shipped from this locality down to June 




Figure 15. — Diagrammatic section at the Roach mine, illustrating the relation of the 
clay (a), much of which contains manganese ore, to the Plattin limestone (6), Joachim 
limestone (o), and St. Peter sandstone (d)« 

4, 1918, was hand-sorted " lump ore." The 191 tons of ore that was 
shipped by Mr. Denison is said to have averaged 17 per cent of 
manganese. 

The following analysis shows the composition of a sample of the 
black earthy wad from this locality :•• 

Analysis of tcad from the Roach mine. 

[R. N. Brackett, analyst.] 

Manganese (Mn) 14.57 

Iron (Fe) 1 10.84 

Silica (SiOa) 37.77 

Alumina (AhO.) 9.87 

Water 12. 82 

The masses of manganese ore at this mine are not residual from 
the Cason shale and Fernvale limestone, as is most of the ore of 
the Batesville district, but manganese in solution has been introduced 

«« Penrose, R. A. F., jr., Manganese — its uses, ores, and deposits : Arkansas Geoh 
Survey Ann. Kept, for 1890, vol. 1, p. 246, 1891. 
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into the clay by ground water, from which the present manganese 
oxides were deposited, partly or entirely replacing the clay. The 
wad represents parts of the clay that have been only partly replaced 
by manganese oxide, whereas the psilomelane and manganite rep- 
resent parts of the clay that have been entirely replaced. 

MONTGOMERY MINE, 

The Montgomery mine is on the southwest slope of a hill, about 
four-fifths of a mile east of Polk Bayou and 7 miles east-northeast 
of Cushman. It was formerly worked as two cuts, the one on the 
west having been known as the Baxter mine and the one on the east 
as the Montgomery mine. Although these two cuts have been en- 
larged and connected by recent mining, they are still distinct and 
are herein described as the Baxter cut and Montgomery cut respec- 
tively. (See fig. 16.) The west part of the present mine — the part 
that includes the Baxter cut — is on the east border of the NW. J 
SW. i sec. 32, T. 15 N., R. 6 W., and is owned by C. A. Montgomery 
and J. P. Montgomery, whereas the east part of the mine — the part 
that includes the Montgomery cut — is on the west border of the 
NE. i §W. i sec. 32, T. 15 N., R. 6 W., and is owned by J. P. Mont- 
gomery. The line separating these two tracts runs north through 
the center of the mine. 

Both of these old cuts were operated about 30 years ago. The 
Baxter cut was operated by John B. Skinner & Co., who conveyed the 
manganese ore on a tramway to Sullivan Creek, a distance of about 
a mile, where it was crushed and washed in a series of jigs.®^ Penrose 
mentions a production of 350 tons from this cut. Little if any more 
mining was done at this locality until May, 1917, when the Eureka 
Manganese & Mining Co., of which W. H. Denison is president and 
W. H. Beatty is manager, reopened the cuts and started the opera- 
tion of a washing plant located near them. This company mined, 
milled, and shipped about 3,600 tons of manganese ore during 1917 
and 1918. 

The manganese ore is disseminated rather uniformly through a 
bed of red to brown clay, which is a residue from the decomposition 
of the Cason shale and possibly of a part of the Fernvale limestone. 
The distribution of this clay as well as that of the other rock for- 
mations in the vicinity is represented in fig. 16. This clay is 
concealed at the surface by a bed 1^ to 5 feet thick, which is com- 
posed of angular chert fragments and well-rounded chert pebbles, 
some as much as 4 inches in their longest diameter. The Joachim 
and Plattin limestones, of which there are many exposures, are con- 
cealed at most places by clay, soil, and chert debris consisting of both 



" Penrose, U. A. F., Jr., .op. cii.r p. 244. 
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angular fragments and well-rounded pebbles. Some of the chert 
fragments and pebbles are cemented together b}^ iron and ferruginous 
manganese oxides on and near the crest of the hill, but most of them 
are loose. The chert fragments represent a part of the weathere<l 
Boone chert that has settled below the original position of this for- 
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FiGi;uE 16. — Geologic map of the Montgomery mine. Surveyed by H. D. Miser wltb 
plane table in June^ 1918. AS, Line of section in figure 17. 

mation, and the pebbles were once a part of the extensive gravel bed 
of Upper Cretaceous or later age that covered the region before the 
present valleys were carved by erosion. These surficial deposits may 
conceal parts of the known ore deposit or perhaps other deposits in 
the vicinity of the mine. 
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Although the ore-bearing clay occurs at and near the crest of th,e 
hill, it lies in a shallow northeastward-trending depression, vary- 
ing from about 200 to about 250 feet in width in the Plattin lime- 
stone. (See fig. 17.) The extent of the depression toward the 
northeast has not been proved by prospecting, but its northwest and 
southeast borders are fairly well marked by outcrops of the Plattin 
limestone. The clay, as previously stated, is dark red and brown. 
In the lower parts of the cuts it is plastic and very tough, hence is 
hard to wash, whereas in the upper parts of the cuts it is less plastic 
and more earthy, making its washing easy. It ranges in thickness 
from a few feet to 47 feet. Part of this variation is due to the pres- 
ence of three "horses" of non ore-bearing clay, which have been 
found to extend upward into it to within 15 or 20 feet of the surface. 
The greatest thickness of the ore-bearing clay is therefore in the 
depressions between the " horses." 

The "horses" be- 
neath the ore-bearing 
clay are ridgelike and 
parallel, pitch to the 
southwest, and are as 
much as 45 feet wide at 
the base and as much 
as 30 feet high. They 
are composed for the 
most part of very 
sticky yellow, pink, 
red, and brown clays, 
Avhich show slickensides and which contain thin sandy parallel plates^ 
but they are composed in part of boulders and ledges of the Plattin, 
Kimmswick, and Fernvale limestones and of a few masses of chert 
that has replaced parts of one or more of these limestones. Thin 
veins of calcite cut the boulders of the Fernvale limestone, and some 
of them contain small quantities of psilomelane and other oxides of 
manganese, which were deposited later than the calcite, and some are 
said to contain small quantities of galena. Vein quartz and a few 
crystals of barite partly replaced by manganese oxide were found in 
blasting one of the masses of the Plattin limestone. The clays in 
these " horses " are the residue from the decomposition of the Plattin, 
Kimmswick, and Fernvale limestones. As the calcium carbonate of 
these limestones .was removed through solution the overlying ore- 
bearing clay settled from its original position. The presence of large 
masses of limestone breccia — some composed of fragments of the 
Plattin limestone, some of both the Plattin and Fernvale limestones, 
and some of these two limestones and the Kimmswick limestone — at 
the mouths of the two cuts and in and near the reservoir and the 
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FifMiu: 17. — Section nlong line .4-^, figure 16, illustrat- 
ing the occurrence of the manganese-ore deposit at the 
Montgomery mine, n. Chert fragments and pebbles; 
h, ore-bearing clay ; c, non ore-bearing clay ; d, Plattin 
limestone. 
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fairly straight northwest and southeast boundaries of the ore-bearing 
clay suggest that at least a part of the settling of the ore-bearing 
clay may be attributed to the settling of the rocks between two nearly 
parallel faults on either side of the ore deposit. As there is no 
evidence of faulting along the small stream southwest of the mine 
it is believed that the brecciation of the limestones and at least a part 
of the settling of the ore-bearing clay are due to the falling in of the 
roof of an old cave. 

The clays in and near the top of the workings contain fossil gastro- 
pods, brachiopods, cephalopods, and Girvanella^ which consist of 
manganese oxide. These fossils, according to E. O. Ulrich, have 
been derived from the Brassfield limestone, which once overlay the 
Cason shale at this locality but which like this shale has been entirely 
decomposed, leaving only its residual clay and the above-mentioned 
fossils. The fossils were once composed of calcium carbonate, but, 
perhaps during the decomposition of the limestone, they were com- 
pletely replaced by a hard manganese oxide, so that the form of 
the fossil shells is well preserved, although they now occur loose 
in the residual clays. Fossil gastropods, brachiopods, and cephalo- 
pods thus replaced by manganese oxide are, so far as the writer is 
able to learn, not found at any other locality in the United States. 
Some of the fossils are shown in Plate VII, A. 

The manganese oxides, which are psilomelane, braunite, and man- 
ganite, usually more or less intermixed, occur disseminated through 
the above-described ore-bearing clay as irregular masses from the 
size of sand grains to that of boulders weighing 2 tons, as parallel 
layers or lenses a few inches thick, separated by various thicknesses 
of clay, and as buttons. (See PI. XI and' fig. 3.) The "buttons" 
are like the black manganese buttons at the Cason mine. They are 
14 inches or less in their longer diameter and one-third of an inch or 
less thick, and they lie with their longer diameters in the same 
plane, which is parallel with the bedding of the original un weathered 
shale. The layers or lenses of ore inclose " buttons " and thus appear 
to have replaced certain layers of the clay or shale. The " buttons " 
are hard and dense except for the cavities in some of them, whereas 
the lenses and irregular masses are hard and porous. The records of 
the mine indicate that the ore-bearing clay contains concentrates in 
the ratio of 3 parts of ore-bearing clay to 1 of concentrates and 6 
of clay to 1 of concentrates and an average of 5 to 1. Irregular 
fragments and grains of a gray or white phosphatic rock, some of 
which is said to contain as much as 11 per cent of phosphorus, are 
disseminated through the ore-bearing clay in some parts of the de- 
posit, especially the lower part. Most of them occur free in the Q\^y. 
but some of them, together with greenish varieties of this rock, occur 
in some of the larger masses of manganese ore. Masses of ore con- 
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taming much of this rock are not shipped because of their high 
^phosphorus content. 

Until May 28, 1918, the mining was done with pick and shovel, 
and the ore was conveyed from the cuts to the washer in small tram 
cars which were pushed by hand. On that date a Thew steam shovel, 
Tvith a f -yard dipper and larger cars drawn by mules, were installed. 
(See PL XIV, B,) The washing plant at present (June, 1918) oper- 
ates only about 6 hours a day, because of the inadequate supply of 
■water, and produces 100 tons of concentrates a week. Water for it 
is pumped from Polk Bayou through 4,500 feet of 4-inch pipe to the 
reservoir, which is 210 feet above the bayou. The reservoir has since 
been enlarged so as to contain sufficient water for a 10-hour working 
day. The output of the plant on the basis of a 10-hour run each 
day was expected to be 150 tons or more each week. The concen- 
trates are hauled by wagon to Cushman, a distance of 7 miles, at a 
cost of $4.50 a ton. The equipment of the washing plant at the time 
of visit (June, 1918) included a McLanahan-Stone standard 2-log 
ore washer, a Richards jig, and a combination screen and sizing drum. 
(See PI. XIV, A^) The flow sheet of the washing plant is described 
on pages 97-98 by W. R. Crane. 

Prior to the time of examination the ore was separated into two 
grades — ''tailings," which passed through a screen with ^-inch per- 
forations, and "mine-run ore," which did not pass through such a 
-screen. The*" mine-run ore " shipped before April 1, 1918, averaged 
40.21 per cent of manganese, 7- per cent of iron, and 17 per cent of 
silica, but soon after the installation of the Richards jig the manga- 
nese content was increased to 44.30 per cent and the silica was 
<Jecreased to 13 per cent. More thorough jigging, which was ex- 
pected of the 3-cell jigs installed since June, 1918, may have re- 
duced the silica content still more. 

The " mine-run ore " averages about 0.40 per cent of phosphorus, 
and the ore that is in pieces more than half an inch in diameter 
•contains about 0.20 per cent of phosphorua This difference in the 
phosphorus content is due to the presence of pieces less than half 
an inch in diameter of phosphatic rock, which have not been en- 
tirely separated from the ore. Although grains of phosphatic rock 
occur in some of the ore more thorough jigging will free the ore from 
most of the phosphatic rock, as this rock has a much lower specific 
l^ravity than the manganese ore. The ore that is free of phosphatic 
rock has a low phosphorus content, as shown by the fact that some 
•carload lots of "lump ore" contained as low as 0.09 per cent of phos- 
phorus. Some of the first cars shipped by the Eureka Manganese & 
Mining Co. were not properly prepared for the market and con- 
tained as high as 1.87 per cent of phosphorus. The tailings con- 
stitute one-eighth of the production of the mine. The 10 cars 
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thus far (June 22, 1918) shipped ranged from 27.55 to 31.48 per 
cent of manganese and averaged 28.84 per cent of manganese and 7 
per cent of iron. The following analyses represent the composition 
of three carloads of manganese ore mined in the Baxter cut by 
Skinner & Abbot and shipped to the Illinois Steel Co.^^ 

Analyses of manganese ore from the Montgomery mine. 



Manjrancse f.Mn), 

Iron(Fe) 

Phosphorus (P). 

SiUca(SiOs) 

Water 



1 


2 


55.60 


47.70 


8.78 


4.77 


.149 


.284 


24.58 


10.98 


9. SO 


9.20 



45. 77 
4.67 
.342 

14.06 
8.20 



MONTGOMERY HILL MINE. 

The Montgomery Hill mine is on a knob known as Montgomery 
Hill, which is just northeast of the Montgomery mine. It is on land 
owned by J. P. Montgomery, which has been leased to the Eureka 
Manganese & Mining Co. Surficial material composed of chert 
pebbles and fragments caps the crest of the knob and covers its 
slopes. A number of pits as much as 10 feet deep which have been 
dug on the slopes pass through this material and penetrate a red 
ore-bearing clay. The clay as revealed in the pits is at least a few 
feet thick and in places attains a thickness of 10 feet, and it under- 
lies an area of at least 1 acre and perhaps 3 acres more. The Plat- 
tin limestone underlies this hill, although there are no exposures of 
it near the pits, and it is probably separated from the ore-bearing 
clay by a greater or less thickness of clay that does not contain any 
ore. 

The ore is a ferruginous manganese ore similar in character and 
origin to that at the Eoach mine and is apparently present in the 
ratio of 1 part of ore to 5 parts of ore-bearing clay. Part of the 
ore is earthy and soft, though firm; some of it contains chert frag- 
ments ; and most of its masses are irregular in shape, but some are 
botryoidal. Analyses of samples of the ore are said to show that 
it contains between 32 and 34 per cent of manganese. The "lump 
ore " has been mined and shipped and is in much smaller quantity 
than the "wash ore." 

SIS CLARK MINE. 

The Sis Clark mine is 5 miles east by north from Cushman and 
is on a tract of land owned by Mary J. Clark, which comprises the 
N. i NW. 1 sec. 5, T. 14 N., E. 6 W., and the SE. \ SW. i sec. 32, 
T. 15 N., E. 6 W. The mine, which is in the NW. J NW. i sec. 5, 

»« Penrose, R. A. F., Jr., op. cit,, p. 245. 



Digitized by VjOOQIC 



INDEPENDENCE COUNTY. 177 

^as first worked by Skinner & Abbot about 30 years ago. Part of 
the ore mined by them was hand sorted, but some of the ore dirt 
Tvas hauled in wagons to the tramroad connecting the Montgomery 
mine with its washing plant on Sullivan Creek, and it was thence 
conveyed to the washing plant where the ore was recovered by wash- 
ing. The total production at that time is not known, but Penrose ^ 
mentions the production of 90 tons of manganese ore. The mine 
was next operated in 1915 by Coleman & Grefenkamp, who mined 40 
tons of high-grade manganese ore, and since then it has been oper- 
ated at times by W. A. Hamer. Most of the work by Mr. Hamer was 
done in 1917, when he mined 80 tons of high-grade ore and 500 tons 
of low-grade ore. Since the time of visit (June 7, 1918) the mine 
has been leased to J. C. Shepherd and R. A. Baker, who mined sev- 
eral carloads of low-grade manganese ore before the end of the 
year. 

The recent workings consist of about 17 cuts and shafts, and from 
these 250 to 300 feet of tunneling has been done. Ten of the open- 
ings, the deepest being 32 feet, have been made here and there over 
an area of about 7 acres on and near the crest of an east-west ridge. 
They all penetrated red and chocolate-colored manganese-bearing 
clays after they passed through a surficial bed of chert fragments and 
pebbles, and none of them passed entirely through the clay. The 
other openings, of which the deepest is 22 feet, have been made here 
and there over an area of about 13 acres farther south. They pene- 
trated the ore-bearing clay, which lies beneath a surficial bed 6 to 8 
feet thick that is composed mainly of chert fragments and pebbles, 
but none of them passed entirely through the clay. 

The information at hand supports the inference that the ore- 
bearing clay underlies the whole of the 7-acre and 13-acre tracts, 
but the quantity of ore on them can not be accurately estimated until 
after systematic prospecting and sampling have been done. Several 
of the openings encountered boulders of the Plattin limestone, but 
none of them encountered solid ledges of any limestone. The Fern- 
vale limestone, from which most if not all of the ore has been de- 
rived, has been removed by erosion from the two tracts, and the 
Kimmswick limestone has also been removed, so that the ore-bearing 
clay everywhere rests upon the Plattin limestone. Channels and hol- 
lows separated by pinnacles doubtless mark the surface of this lime- 
stone. 

The manganese ore consists of two grades, known as low grade 
and high grade. They are intermixed, and the low-grade ore is in 
greater quantity than the high-grade. One shaft, from which 200 
tons of ore were removed, showed a ratio of 3 tons of low-grade 

•• Penrose, R. A. P., jr., op. dt, p. 243. 
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to 1 ton of high-grade ore. The low-grade ore is an earthy, porous,, 
brown, and soft but firm wad, and it is hand sorted from the inclos- 
ing clay. The 500 tons of it mined in 1917 by Mr. Hamer had, he 
states, an average content of 30 per cent of manganese, 14 per cent 
of iron, and 8 per cent of silica. The analyses of four carload lots 
that were shipped to the Tennessei Coal, Iron & Railroad Co. are 
given below. The high-grade ore consists of steel-blue psilomelane 
and a smaller quantity of hausmannite and occurs in irregular masses 
ranging in size from fine particles to boulders, the largest of which, 
thus far found is said to have measured 20 feet long, 4 to 10 feet 
wide, and 2 to 5 feet thick and to have weighed 22 tons. The con- 
centrates of hard ore recovered by Skinner & Abbot from the wash, 
dirt, were found, it is stated, in the ratio of 1 ton of concentrates to 
3 tons of wash dirt, but most of the wash dirt observed by the- 
writer will not yield such a large proportion of concentrates. The- 
80 tons of high-grade ore mined by Mr. Hamer in 1917 had, he states,, 
an average content of 48 per cent of manganese, 8 per cent of iron,, 
and 4 per cent of silica. 

Analyses of low-grade manganese ore from the Sis Clark mine. 
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SIS CLARK CORNER PROSPECT. 

The Sis Clark Corner prospect is about one- fourth of a mile south- 
west of the Montgomery mine, on the southern border of the SW. i 
SW. i sec. 32, T. 15 N., R. 6 W. It is on land that is owned by C. A. 
Montgomery and J. P. Montgomery and has been leased by the 
Eureka Manganese & Mining Co. Shallow pits and cuts have been 
made in red and chocolate-colored manganese-bearing clays over an 
area of about 2 acres, and two grades of ore like those in the Sis 
Clark mine, which adjoins this 2-acre tract, were found. The full 
thickness of the ore-bearing clay has not been determined. 

GALLOWAY MINE. 

The Galloway mine is in a hilly but gently rolling region, 5 miles 
east by north from Cushman, and it adjoins the west side of the tract 
on which the Sis Clark mine is situated. It was formerly owned 
by J. M. Galloway, but at the time of visit (June 5, 1918) it was 
owned by J. D. O'Gara. 

A few pits and shafts as much as 20 feet deep have been made on 
and near the crest of a well-rounded hill in the northeast corner 
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of the NE. i NE. i sec. 6, T. 14 N., E. 6 W. They penetrate red and 
chocolate-colored manganese-bearing clays the surficial portion of 
which contains chert pebbles and fragments. The clays were no- 
where entirely passed through, and no limestone boulders were found 
in them. Exposures of the Plattin limestone on the slope south of 
the openings indicate that the clays rest on this limestone, and 
although this part of the tract has not been fully prospected a 
considerable thickness of ore-bearing clay appears to underlie about 
7 acres on the crest of the hill. The manganese ore consists of two 
grades resembling those at the Sis Clark mine. The low-grade ore 
is wad, and the high-grade ore consists of large and small masses of 
steel-blue psilomelane and a less quantity of braunite and haus- 
mannite. Some wash ore is found here, but the percentage of it that 
can be recovered from the inclosing clay has not been determined. 

Several pits a few feet deep have been made on Peach Orchard 
Hill, a well-rounded hill southwest of the openings described above, 
and they reveal the presence of manganese-bearing clay beneath a 
surficial bed 5 to 6 feet thick of chert fragments and pebbles. Man- 
ganese ore of good quality, including both " wash ore " and " lump 
ore " were found, but the extent and depth of the deposit are yet to 
be determined. The Plattin limestone probably underlies the ore- 
bearing clay. 

Several pits as much as 15 feet deep have been made in a triangular 
wooded tract of 5 acres on the crest of a well-rounded hill, on the 
east side of the NE. ^ NE. J sec. 6. The red to black ore-bearing 
clays, which were penetrated but not passed through, are in places 
overlain by masses several or many feet thick, composed of chert 
fragments and pebbles. Such masses are known as flint or gravel 
bars. The clay probably overlies the Plattin limestone as it does at 
other places on the Galloway tract. Much black wad, which is said 
to contain 35 per cent of manganese, occurs at this locality, but there 
are also masses of hard manganese ore occurring both as " wash ore '^ 
and " lump ore." 

DEAD TREE HILL PROSPECT. 

The Dead Tree Hill prospect, owned by J. P. Montgomery and 
C. A. Montgomery and leased by the Eureka Manganese & Mining 
Co., is on Dead Tree Hill, in the southeast corner of the SE. J SE. J 
sec. 31, T. 15 N., E. 6 W., 5 miles east by north of Cushman. It 
consists of a number of pits and shafts as much as 27 feet deep, 
which have been dug here and there in red and chocolate-brown 
manganese-bearing clays on the well-rounded crest of the hill. Al- 
though the crest of the hill has not been thoroughly prospected, 
a considerable thickness of these clays apparently underlies an area 
of about 8 acres. This area adjoins the north side of the 7-acre 
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ore-bearing tract in the northeast corner of the land on which the 
Galloway mine is situated. The clay is concealed by a bed of chert 
pebbles and fragments, which at most places does not appear to be 
more than a few feet thick. Masses of the Plattin limestone were 
found in some of the openings, and a few masses of this limestone 
are exposed on the surface. The Fernvale limestone has been com- 
pletely removed by erosion, and only one boulder of the Kimmswick 
limestone was observed, which indicates that this limestone has been 
almost entirely eroded. The manganese ore, of which only a small 
quantity has been mined and shipped, is like that at the Sis Clark 
and Galloway mines and the Sis Clark Corner prospect. 

BARNETT MINE. 

The Barnett mine is in a gently rolling hilly area, 5 miles east by 
north from Cushman, and is just south of the Galloway and Sis 
Clark mines. Most of the work at this mine was done in 1917 by 
George L. Barnett and N. Barnett, who mined 135 tons of man- 
ganese ore. The mine was formerly owned by H. L. Barnett, but 
at the time of visit (June 5, 1918) it was owned by J. D. O'Gara. 

A cut 20 feet deep, 20 feet wide, and 30 feet long has been made 
in ore-bearing clay, in the SE. J NE. i sec. 6, T. 14 N., R. 6 W. The 
clay as revealed in the cut is overlain by a surficial rocky loa.m as 
much as a few feet thick, which is composed mainly of chert frag- 
ments and pebbles, and its base was not reached in the cut. The 
production of this cut has been 100 tons of low-grade and 10 to 15 
tons of high-grade manganese ore. Another cut, 22 feet deep, 10 
feet wide, and 20 feet long, has been made in black and red ore- 
bearing clays east of the above-described cut, in the northwest cor- 
ner of the S. i SW. i NW. i s6c. 5, T. 14 N., R. 6 W., and it has 
yielded 15 tons of low-grade and 10 tons of high-grade manganese 
ore. As in the other cut, the base of the clay was not reached. Very 
small pits have been made at other places. 

The ore-bearing clay penetrated by the above-described openings 
probably underlies a few acres, but systematic prospecting and sam- 
pling will be required to determine the full depth of the clay and 
the tonnage of ore. The occurrence of a few outcrops of the Plattin 
limestone on the gentle hill slopes near the pits and below the cuts 
indicates that the ore-bearing clay rests on this limestone. 

The manganese ore resembles that at the Sis Clark, Galloway, and 
Dead Tree Hill mines. It consists of the two grades of ore men- 
tioned above, and although they are more or less mixed they have 
been hand sorted and shipped separately. The low-grade ore is soft, 
mealy, porous brown wad and is reported to contain about 30 per 
cent of manganese. An analysis of one carload of it tiiat was 
shipped to the Tennessee Coal, Iron & Railroad Co. showed man- 
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ganese (Mn), 29.33 per cent; iron (Fe), 13.75 per oent; and giliea 
(SiOj), 16.16 per cent. The high-grade ore consists of irregnlar 
masses of psilomelane ranging in size from fine particles to boulders 
that weigh 3 tons, and carload lots of it will apparently contain 
close to 50 per cent of manganese. 

MONTGOMERY PROSPECTr. 

The Montgomery prospect consists of a few small pits on a west 
hill slope, on the east side of Polk Bayou and is on land owned by 
J. P. Montgomery, in the NE. i SW. 1 sec. 81, T. 15 N., R. 6 W. The 
hill is capped by a thick bed of chert fragments, and such fragments 
cover most of its west slope. The pits, which are badly caved, reveal 
an earthv soft thou eh 
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firm ferruginous manga- 
nese ore, but further pros- 
pecting will be required to 
determine the quantity 
of it. 

The rock exposures in- 
dicate that the i}its lie be- 
tween two normal faults 
250 feet apart, which trend 
oast, and that the rocks in 
the belt between the two 
faults have settled about 
100 feet. (See fig. 18.) 
The Joachim and Plattin 
limestones are exposed on 
the slope below the pits, 
and at one place the top of the St. Peter sandstone is exposed at the 
water's edge of Polk Bayou below the pits, but north and south of 
the pits beyond the belt that has settled by faulting outcrops of the 
St. Peter sandstone occur on the hill slope as far as 100 feet above 
Polk Bayou. 

RXBD MINE. 

The Reed mine, 3^ miles east-northeast of Cushman, was not 
visited by the present writer. It is described as follows by Pen- 
rose : * 

The 1. N. Reed tract is in 15 N., 7 W., sec. 36, the SB. i SW. h and is a 
<iuarter of a mile southeast of the Pritchett tract. The hiU on which It is 

^ renrose, B. A. F., Jr., Majiiraiiese^~itg uses, ores, and deposits ; ArlLaDBas Q«ol. 8urv«f 
Ann. Kept, for 1890, vol. 1, p. 254, 1891. 

104569—22 13 



FiauBC 18. — North-Botith section at tlie Mootgomerj 
prospect, a. Fractured chert ; 5, residual clay ; 
c, Plattin limestone; d, Joachim limestone; e, St. 
Peter sandstone; f, magncsian liniestoBe. 
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Gdtdated is lieaTily capped with cbert, but to the north it slopes off gently to a 
hollow that separates it from the last-named place. The ore-bearing clay is 
exposed on this slope and overlies the Izard [Plattin] limestone. From here 
the deposit runs south under the chert that caps the hill. The ore is of a 
massive black variety and is associated with red and brown clay and angular 
fragments of chert. Several openings have been made, and 200 tons of ore are 
said to have been mined. 

C. C. JOHNSON PROSPECT. 

The C. C. Johnson prospect is in the SW. i SW. i sec. 36, T. 15 N., 
R. 7 W., 3 J miles east-northeast of Cushman. Prospecting has been 
done at this locality by C. C. Johnson, the owner, who mined and 
marketed several tons of lump manganese ore. In April, 1918, the 
prospect was leased to C. H. Edge, who later became a member of 
the Loyalty Mining Association. This firm operated the property 
on a small scale and shipped very little if any manganese ore. Sev- 
eral pits and shafts as much as 14 feet deep had been dug before 
the time of visit (April 22, 1918) on and near the east end of a hill 
and in a saddle between this and another hill farther west. They 
penetrate a brown clay whose surficial portion contains chert frag- 
ments and pebbles. Neither the depth nor the areal extent of the 
clay has been determined by prospecting. That the clay overlies 
the Plattin limestone is indicated by the presence of a number of 
outcrops of this limestone in the vicinity, and the clay doubtless ex- 
tends through the hills beneath the chert capping on their crests. 

Manganese oxides, of which psilomelane is in greatest quantity 
and wad, braunite, and hausmannite in less quantity, occur in the 
clay and surface material as irregular masses ranging in size from 
fine particles ("wash ore") to boulders. The largest boulder thus 
far found (April 22, 1918) is said to have weighed 3 tons. Films 
of manganese oxide coat many of the chert fragments and pebbles. 
Some openings reveal considerable " wash ore," and some reveal very 
little or none of it. 

PRrrciTETT pRosPEcrr. 

The Pritchett prospect, 3i miles east-northeast of Cushman^ was 
not visited by the present writer. Penrose ^ describes it as follows : 

The Pritchett tract is in 15 N., 7 W., sec. 36, the NW. i SW. i. and sec. 35, 
the SE. I SE. i. Manganese ore, associated with red clay, has been found on 
this property, overlying hills of Izard [Plattin] limestone. Frequently bodies 
of chert form prominent knobs on the mils, and fragments of it overlie the 
surface of the ore-bearing clay on the slopes. Underneath this loose material, 
at a depth of from 2 to 10 feet, ore has been found in masses from 1 to 12 
inches or more in diameter. It is of the usual hard, black variety and is gener- 

a IV'nioso, U. A. F., Jr., op. olt.. pp. 2r»;i-2r>4. 
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ally cryBtailine. Sometimes it occurs as a cement, binding togetiier fragments 
of chert. Several. small prospect pits which have been sunk show manganese 
in greater or less quantities. 

* 
FORTUNE PROSPECT. 

The Fortune prospect, which is on land owned by W. N. Fortune^ 
is on the south side of Prairie Creek, in the NW. J SW. J sec. 11 » 
T. 14 N., R. 7 W., 2 miles east of Cushman. Work was done at this 
locality in 1917 by Mr. Fortune, and 40 tons of manganese ore are 
said to haive been mined and shipped. 

The workings are pits as much as 15 feet deep, dug here and there 
over 2 acres, in a saddle in the ridge. They all penetrate dark- 
brown clay in which there is a considerable quantity of mealy wad 
and some irregular masses of steel-blue psilomelane and braunite. 
The dark-colored surficial loam, 2 feet thick, contains chert pebbles 
and fragments and masses of ore. The largest boulder of ore thus 
far found (April 17, 1918) weighed between 200 and 300 pounds. 
White barite in slender needles lines cavities in a few pieces of ore 
observed on the dumps. Neither the extent nor the depth of the 
manganese-bearing clay at this prospect has been proved. No lime- 
stone was found in the workings, and there are no outcrops of it in 
the vicinity. 

BROOKS HILL MINE. 

The Brooks Hill mine, also known as the Brooks mine or Aydelott 
mine, consists of several groups of openings which have been made 
here and there on land owned by Doak Aydelott, 1 to IJ miles east- 
southeast of Cushman. It was first worked about 30 years ago and 
was next worked by W. H. Denison, the present operator and lessee, 
who began operations in July, 1916. Mr. Denison had mined and 
shipped before June, 1918, 1,252 tons of manganese ore with 40 per 
cent or more of manganese and 133 tons of ferruginous manganese 
ore. 

The principal group of workings, from which most of the ore has 
been mined, consists of shallow pits, shafts as much as 55 feet deep, 
and drifts as much as 40 feet long scattered here and there over about 
40 acres on the crest of a northeastward-trending ridge in the NE. J 
NW. 1 sec. 15 and the SE. i SW. i sec. 10, T. 14 N., E. 7 W. Chert 
debris, which varies in thickness from a few inches to 20 feet or more, 
is the usual surficial material on the ridge. It overlies the reddish- 
brown manganese-bearing clay, and the clay in turn overlies the 
irregular surface of the Femvale limestone, of which there are ex- 
posures on the slopes on either side of the crest of the ridge. Some 
boulders and ledges of this limestone were found in the workings. 
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Parts of the clay contain both manganese ore and chert fragments. 
Some of these fragments are partly replaced by manganese oxide ; 
and many of them, as well as some of the chert fragments overlying 
the clay, are coated i^^ith films of manganese oxide. Although the 
clay is widely distributed over the tract it varies in thickness from a 
few inches to 55 feet, and much of it contains no ore. The manga- 
nese ore is composed of psilomelane and a smaller quantity of haus- 
mannite, which is intimately mixed with the psilomelane. These 
minerals are usually compact and are free from clay except on the 
surfaces of the masses, which are irregular in shape and range in size 
from fine particles to boulders weighing 600 pounds. All the mar- 
keted manganese ore from this group of workings, except four cars 
of concentrates and a few cars of unwashed ore-bearing clay, con- 
sisted of the larger masses that had. been hand picked by the miners 
as they dug the clay from the " solid." The four cars of concentrates 
were recovered from clay which was hauled to Fortune or Scribner 
Spring, 1^ miles east-northeast of the mine, and there treated in a 
small washing plant equipped with a trommel screen with one-eighth 
inch perforations. The concentrates are said to have been recovered 
in the ratio of 1 part of concentrates to 7 parts of ore-bearing clay. 
One of the four cars of concentrates contained 33 per cent of man- 
ganese, another 36 per cent, another 46 per cent, and the fourth 48 
per cent. 

A few pits 5 to 20 feet deep are scattered here and there in a saddle 
between two hills, in the SW, i NW. i sec. 15, T. 14 N., R. 7 W., south- 
west of the above-described openings. The red to chocolate-colored 
ore-bearing clay extends from the surface to the bottoms of the pits, 
and none of them were dug deep enough to reach the underlying 
limestone. The production from these pits has been 30 tons of "lump 
ore," some masses of which weighed as much as 250 pounds. 

A few pits, cuts, and drifts are on the north hill slope south of 
Prairie Creek, in the NW. i SE. i sec. 10, T, 14 N., R. 17 'W., north- 
east of the main group of openings. The hill slope is covered with 
chert fragments and pebbles and blocks of sandstone. The woridngs 
reveal a large quantity of black earthy wad through which are scat- 
tered masses of hard manganese oxide. The production of these 
openings has been 175 tons of the larger masses of the hard oxides 
and one car of wad, which is said to have contained 29 per cent of 
manganese. The only limestone observed in the vicinity is Plattin 
limestone, outcrops of which are found below the openings. 

Several shallow openings— some made recently and some about 30 
years ago — are on the north slope of a ridge on the south side of 
Prairie Creek, in the NE. i SE. i sec. 10, T. 14 N., R. 7 W. There is 
little chert debris on the surface and only a few exposures of lime- 
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stone. The openings are in red and brown clays, from which irregu- 
lar masses of soft and hard manganese oxides, including psilomelane 
and wad, have been taken. A few small pits and cuts south of the 
openings described above have been dug on the south slope of the 
ridge, and they have yielded considerable earthy wad together with 
masses of psilomelane. The absence of limestone outcrops suggests 
that there may be an extensive deposit of ore-bearing clay on this 
slope. A few short drifts have been made on the north slope across 
the hollow south of the openings just described. They reveal a bed 
of wad 8 to 10 feet thick, through ^which masses of hard manganese 
oxide (psilomelane) are scattered. The wad does not lie horizontal 
but dips at different angles in different directions at the places where 
it could be observed. Both the wad and the hard ore were being 
mined and shipped at the time of visit (April 17, 1918) , but they were 
separated by hand picking and shipped separately. The wad as 
shipped probably contained between 20 and 30 per cent of manganese, 
whereas the hard ore contained 45 per cent or more. The absence of 
limestone outcrops suggests that the Femvale limestone is here deeply 
decayed and hence affords an extensive deposit of manganese-bearing 
clay. 

Penrose * supplies the following description of the early workings 
at the Brooks Hill mine : 

Three shafts, 35 feet, 36 feet, and 45 feet deep, respectively, have been sunk 
on the property, and it has been found that beneath the chert on the slopes of 
the hills the ore-bearing clay occurs to a considerable depth. Several drifts 
have also been made in the ore deposit. 

Drift No. 1 runs into the side of a hill for 150 feet, showing a stiff red clay 
with angular chert and a little manganese ore. Immediately overlying the 
drift are 10 to 15 feet of chert, capping the hill. Drift No. 2 runs north under 
the chert into a deposit of dark chocolate-colored clay, containing both large 
masses of ore ("lump ore") and innumerable small particles ("shot ore"). 
The mixture of " shot ore " with its associated clay is said to contain 34 per 
cent of metallic manganese. A shaft 45 feet deep was sunk into this d^osit 
without reaching the bottom, 

Penrose also says,* " The dark-brown clay found in this mine has 
been successfully used in St. Louis in the manufacture of artificial 
brownstone and colored bricks, and several carloads have been shipped 
there for those purposes." 

The analyses given below represent the composition of carload lots 
of manganese ore shipped in 1917 from the Brooks Hill mine to the 
Tennessee Coal, Iron & Railroad Co., but they do not include any 
analyses of the few cars of ferruginous manganese ore that have 
been shipped from this mine. 

• Penrose, R. A. P., Jr., op. cit, pp. 249-250. 
4 Idenv p. 261. 
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Arwlyaes of manganese ore frwn the Brooks Hill mine. 
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SHEIJi MINE. 

The Shell mine is on the crest of a ridge, in the SW. i SE. J 
sec. 10, T. 14 N., R. 7 W., IJ miles east-southeast of Cushman, and 
is east of the main group of openings at the Brooks Hill mine. It 
was first operated in 1916 by Will Fortune, who mined only a small 
quantity of manganese ore, and it was next operated by T. F. Shell, 
the present owner and operator, beginning in 1917. The produc- 
tion before June, 1918, was 250 tons of manganese ore, which is said 
to have averaged 50 per cent of manganese. 

The workings consist of several shafts as much as 75 feet deep 
and of drifts running from the shafts in various directions. Chert, 
which represents a part of the Boone chert that has settled or has 
been washed from its original position, covers the ridge to a depth 
said to a\'erage 8 feet. The manganese-bearing clay beneath the 
chert ranges in thickness from a few feet to more than 50 feet and 
is reddish brown, chocolate brown, and black. The clay penetrated 
by the workings contains a few masses of the Fernvale limestone, but 
there are no outcrops of this limestone on the surface. Although 
most of the shafts are confined to half an acre shafts at other places 
show that the manganese-bearing clay underlies several acres on 
the crest of the lidge. The manganese ore occurs in the clay as fine 
particles and irregular masses that are composed largely of psilome- 
lane and hausmannite. Only such masses as could be hand picked 
from the clay have been shipped, A sample of the reddish-brown 
clay which originally contained both the larger masses and fine par- 
ticles but from which the larger masses were hand picked is said to 
have contained 18.96 per cent of manganese. The black clay was 
found to be 56 feet thick in one shaft and 25 feet thick in another. 
An analysis is said to have shown that it contained 21.8 per cent of 
manganese. 
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KIMMES MINE. 

The Kimmer mine, which is owned by the Cleveland Manganese 
Mining Co., is in the NE. J SW. i sec. 10, T. 14 N., R. 7 W., 1 mile 
eii^t of Cushman, on a part of the land described by Penrose* as the 
Whitthorne tract. This mine was operated about 30 years ago and 
next operated by W. H. Denison, beginning in 1916» The marketed 
production by Mr. Denison before Jime, 1918, was 200 tons of high- 
grade manganese ore and 30 tons of ferruginous manganese ore. 

The workings, which are pits and cuts only a few feet deep, are 
on the hill slopes on both sides of Prairie Creek, They were dug in 
a reddish-brown manganese-bearing clay whose surficial portion con- 
tains chert and sandstone fragments. This clay overlies the Plattin, 
Kimmswick, and Fernvale limestones, of which there are a few ex- 
posures in the vicinity, and its depth and areal extent have not been 
proved. The manganese ore consists largely of the oxides psilome- 
lane, hausmannite, and wad, the first being in greatest quantity, 
and it occurs here and there in the clay as fine particles and as masses 
some of which weigh several hundred pounds. Fragments of red 
iron oxide also occur in the clay. The marketed ore consisted of 
the larger masses, which were freed from the clay by hand picking. 

R08EB0R0UGH MINE. 

The Koseborough mine, which is owned by Halsell & Staflford, of 
Oklahoma City, is on the north side of Prairie Creek in the SW. J 
NE. i sec. 10, T. 14 N., E. 7 W., 1 mile east of Cushman. It has been 
operated by W. H. Denison, beginning in 1917, and the production 
before June, 1918, was 160 tons of manganese ore. 

The main group of workings consists of shallow pits, shafts rang- 
ing from 15 to 60 feet deep, and short drifts running from the shafts, 
occupying less than an acre in a saddle between two chert-covered 
liills. After the openings pass through a gray soil containing chert 
fragments and pebbles they enter the manganese-bearing clay, which 
is reddish brown and chocolate-colored and which in places shows 
slickensides. One shaft, however, passed through an exceptionally 
large thickness — 35 feet — of chert in shattered layers. The chert 
fragments and layers represent a part of the Boone chert that has 
settled from its original position. Some sandstone ledges that were 
a part of the weathered Cason shale also occur in the workings, and 
they like the chert have settled from their original position. The 
manganese-bearing clay ranges in thickness from a few feet to 60 
feet and lies in hollows in the Plattin limestone, of which there are 
exposures near by. A few boulders of this limestone and of the 

•Penrose, R. A. F., jr., op. cit., pp. 251-253. 
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Kimmswick limestone are found in the clay in the workings. The 
manganese ore consists of both hard and soft manganese oxides, 
which occur in nearly equal quantity, scattered through the clay from 
the surface to a depth of 60 feet. Both varieties are mined, but they 
are separated by hand picking and shipped separately. The soft 
oxide is wad which is said to contain between 80 and 85 per cent of 
manganese, and the hard oxides, which are in irregular masses, some 
reaching 400 pounds in weight, include steel-blue compact psilome- 
lane, hausmannite, and braunite. Carload lots of these hard oxides 
will average 45 per cent or more of manganese. 

A few shallow pits have been made in manganese-bearing clay at 
other places on this property, but at only a few places has its depth 
been proved. It overlies the Plattin limestone, of which there are 
some outcrops, and it is usually overlain by or mixed at the surface 
with various quantities of chert fragments and pebbles. The man- 
ganese ore, part of which is found on the surface, is like that at the 
main group of openings. 

BLAIR PROSPECT. 

The Blair prospect, which was not visited by the writer, is de- 
scribed as follows by Penrose • : 

The Blair tract is in 14 N., 7 W., sec. 9, the SE. J. It comprises 160 acres 
at the head of one of the forks of Prairie Creek and three-quarters of a mile 
southeast of Oushman. The ore occurs in association with red clay, overlying 
the decayed slopes of the Izard [Plattin] limestone. A knob of chert caps the 
hill, and fragments of it have rolled down and mixed with the clay. Thirteen 
tons of ore are said to have been i^ipped, but very little work has been done. 

C. W. MAXFIBLD PROSPECT. 

The C. W. Maxfield prospect is just south of the Rowe Field mine 
and is If miles east-northeast of Cushman. Prospecting was done 
here in 1917 and earlier by C. W. Maxfield. Shallow openings and 
several deep gullies in this vicinity reveal several feet of pebbly red 
clay overlying reddish-brown and chocolate-brown days. Small 
pieces of manganese oxide were observed in the clays and were also 
observed in the gravels in the bottoms of the gullies at the time of 
visit (April 19, 1918). 

ROWE FIELD MINE. 

The Rowe Field mine is south of the east end of the Blue Ridge and 
is in the N. i SE. i sec. 8, T. 14 N., R. 7 W., If miles east-northeast 
of Cushman. It was operated in 1909 and 1910 by the Martin Man- 
ganese & Mining Co., the owncir, which by means of a steam shovel 
mined 200 tons of lump manganese ore, and it was next operated by 

« Penrose, R. A. P., Jr., op. cit, p. 253. 
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the Independence Mining Co., beginning in 1915, which had mined 
and shipped 100 tons of "lump" manganese ore before June, 1918. 

The workings consist of shallow pits, shafts as much as 40 feet deep, 
and a cut 250 feet long, 20 to 50 feet wide, and 5 to 15 feet deep, 
which have been made here and there over several acres in and near 
a saddle between the Blue Ridge on the north and a low hill on the 
south. They penetrate to the above-mentioned depths red and brown 
manganese-bearing clays whose Hurficial portions contain chert frag- 
ments. The clays are residues from the decomposition of the Plattin, 
Kimmswick, and Fernvale limestones, but the only exposures of these 
limestones are a few boulders of the Kimmswick limestone and 
several boulders and horses of the Plattin limestone, which occur in 
and near the cut. Shattered and bent layers of chert as exposed 
in the cut overlie the clays at places. They represent the lower part 
of the Boone chert that has settled below its original position while 
the Fernvale and Kimmswick limestones were being carried away by 
solution. 

The manganese ore occurs in the clay as irregular masses ranging 
in size from fine particles called " wash ore *' to masses weighing 1 
pound or more called " lump ore.'* It was found in all the openings 
examined but in different quantities at different places. The " lump 
ore " is mainly psilomelane, but part of it is wad, whereas most of 
the "wash ore" is ferruginous manganese oxide. E. C. McComb, 
of the Independence Mining Co., states that tests show that there 
are 1^ times as much " wash ore " as " lump ore " in the deposit and 
that much of the clay on being washed will yield concentrates in the 
ratio of 5 parts of clay to 1 part of concentrates. 

BLUB RIDGE MINE. 

The Blue Eidge mine is on the Blue Ridge, a nearly straight 
eastward-trending ridge almost a mile long, in the S. i NW. i and 
the S. i NE. i sec. 3, T. 14 N., E. 7 W., 1^ miles northeast of Cush- 
man. The ridge is not uniform in height but contains a saddle near 
its middle. The saddle and the west part of the ridge, which attains 
an elevation of 848 feet above sea level, are represented on the accom- 
panying map (PI. XVII). The mine workings have been made 
not only on the west part of the ridge, as shown on the map, but also 
on the east end of the ridge. 

The mine was operated in 1909 and 1910 by the Martin Manganese 
& Mining Co., the owner, which mined and shipped 700 tons of 
ferruginous manganese ore. In recent years it has been operated by 
the Independence Mining Co., the present lessee, beginning in 1915, 
and the production of this firm before June, 1918, was 500 tons of 
ferruginous manganese ore. 
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The worked ore deposit on the west part of the Blue Rid 
mainly in the Cason shale but partly in brown clay overlying tk 
of the Femvale Umestone, whereas the worked deposit on thi| 
end of the ridge is entirely in cherty surface loam and red clay 
overlies the Fernvale limestone. The highest parts of the ridj 
capped by as much as 80 feet of the Boone chert. The Cason 
lying beneath the chert, is 8 feet thick where it is best exposed, 
workings on the west part of the ridge, but it is thinner farther.j 
The Femvale limestone, in which there is a small quantity of 
is exposed at many places in the saddle and together with the '. 
wick and Plattin limestone is exposed in heavy ledges on the 
slope and at a few other places on the ridge. The Cason shale | 
Boone chert are in place except on the west end of the ridge, 
they have settled into underground channels or hollows former] 
solution in the Fernvale limestone. (See PI. XII.) The 
hollow-like reentrant on the south slope and near the crest of | 
ridge was formed in this way. Although the Cason shale and Bo 
chert may have settled as much as 20 feet or more at some pla 
they are represented on the map (PI. XVII) in their original pal 
tion as nearly as it can be determined. | 

Except for the displacement of the two fonnations mention! 
above these and the other rock formations exposed on the Blue Kid| 
lie horizontally or nearly so. They, however, like the rocks at ti 
Southern, Grubb Cut, Eogers, Wren, Polk Southard, and Tum^ 
mines lie in a broad eastward-trending syncline. ('See PI. XII, Bf. 
On the south, side of this syncline the St. Peter sandstone and Jo4 
chim limestone are revealed in an anticline in the southern part a| 
sec. 3, T. 14 N., E. 7 W., and on the north side of the syncline thesi 
two formations are revealed in two domes just north of Turner Creel| 
in sees. 33 and 34, T. 15 N., B. 7 W. 

The workings on the west part of the ridge consist of open cuts 
and a tunnel on the hill slopes and a shaft on the crest. (See PI. 
XVII.) The Cason shale, as revealed in the partly caved workinocs 
at the times of visit (April and June, 1918), is a bed 8 feet thick, 
composed of brown platy shale in its lower part and brown shaly 
sandstone in its upper part. Both the shale and sandstone are partly 
to wholly replaced by manganese and iron oxides. These oxides are 
shaly and porous, and the bed in the lower part of the shale from 
which they are mined is said to average 2 feet thick. Although some 
of these oxides were taken from the shaft on the crest of the ridge, 
E. C. McComb, of the Independence Mining Co., expresses the opinion 
that minable ore occurs in less quantity in and near the center of the 
ridge than at and near the surface on its borders. The small quantity 
of ore mined from the brown clay overlying the Fernvale limestone 
contains more manganese and less iron than the ore in the shale above. 
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Some of it is manganese oxide (psilomelane) , but much of it is fer- 
ruginous manganese oxide. 

The workings on the east end of the Blue Kidge are shallow pits 
and cuts which have been made in surficial cherty loam and the un- 
derlying red clay. Manganese ore in irregular masses is foimd in 
both the clay and the loam, but the depth of the deposit had not been 
iletermined at the time of visit. 

The marketed ore from this mine was obtained for the most part 
from the Cason shale and is said by Mr. McCJomb to have averaged 
17 per cent of manganese and 22 per cent of iron. The following 
analyses represent the composition of carload lots of ore shipped in 
1917 from this mine. The first seven cars were shippeci to the Central 
Iron & Coal Co. and the last four to the Sloss-SheiBeld Steel & 
Iron Co. 

Analyses of fetruginous manganese ore from the Blue Ridge mine. 
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10 


11 


Manganese (Mn) 

Iron (Fe) 


17.73 
21.01 


23.49 
17.46 


18. »7 
24.20 


18.02 
12.36 


17.66 
21.89 


13.18 
23.22 


34.19 

12.87 


14.00 
18.66 


19.60 
23.70 


14.06 
28.35 


14.20 
28.90 







SOUTHERN MINE. 

The Southern mine, also known as the Southern Hill mine, is on 
Southern Hill, in the NW. \ SE. i sec. 4, T. 14 N., B. 7 W., 1\ miles 
N. 30^ E. of Cushman. 

Of the early history of the mine Penrose ^ says : 

The Southern mine was first worked by E. H. Woodward & Co., between 1881 
and 1885, during which time 2,500 to 3,000 tons of ore are said to have been 
mined. In October, 1885, the Keystone Manganese & Iron Co. began work on 
it, and from that time until December 31, 1890, they produced 14,489 tons of 
ore, making a. total output since the first opening of the mine of from 16,989 
to 17,489 tons. This production probably represents over half the total out- 
put of the State. 

The Keystone Manganese & Iron Co., the owner of the mine, con- 
tinued to operate it until about 1900, when this firm was dissolved 
and the ownership of the mine passed to Mrs. K. P. Gregory, who 
is the present owner. The next mining was done in 1916 and 191 7 
by W. H. Denison, who mined and shipped about 700 tons of ore. 
Very little ore was mined in 1918 before the writer finished his 
examination in June of that year. Since then the mine has been 
leased to M. A. Losee. The total production of the min^ before 
1919, according to Mr. Denison, has been 86,500 tons. 

7 Penrose, R. A. F., Jr., Manganese — ^its uses^ ores, and deposits: Arkansaji Ged. Suryej 
Ann. Kept, for 1890, vol. 1, p. 261, 1891. 



Digitized by VjOOQIC 



192 MANGANESE ORE IN THE BATBSVIIiLE DISTRICT, ARK. 

The workings consist of two old cuts and many shafts, 192 shafts 
being shown on the accompanying map (PI. XVII). Many of the 
shafts have been filled or partly filled with material taken from the 
adjoining ones, and the sides of the old cuts have badly cared, obscur- 
ing the relations of the ore deposit. The two depressions represented 
on the west part of the Southern Hill are due to the caving of material 
above areas that have been mined out. The mine was not workeil 
during the writer's visit to the region, and none of the underground 
workings could be entered. The following description of the mine 
is, therefore, largely quoted and abstracted from Penrose.* The 
abstracted parts are slightly modified to accord with the present 
information regarding the mine and with the present knowledge 
of the geology of the region. 

The Southern Hill, on which the mine is situated, is capped on its 
summit by a bed of the Boone chert, ranging in thickness from 20 to 
60 feet. The ore-bearing clay is below this chert. The Fernvale and 
Kimmswick limestones, and perhaps the Cason shale, once occupied 
the position of the clay. The Cason shale, which if originally present 
probably did not exceed a few feet in thickness, has entirely decayed, 
and these two limestones, known as " gray rock," have mostly decayed 
and are now found in loose masses in the clay and as pinnacles ex- 
tending upward into it. The hollows separating the pinnacles are 
doubtless wide and numerous, and many probably extend down to 
the Plattin limestone. The Boone chert is greatly disturbed and dips 
at various angles from almost horizontal to almost vertical and i» 
much faulted, jointed, and shattered throughout. Many of the loose 
fragments of it are much stained with manganese oxide on the out- 
side, and many thin black films of manganese oxide penetrate the 
cracks of the whole bed. The disturbance of the chert has not been 
caused by an upheaval, as is generally supposed, but by the subsidence 
of the bed as a result of the decay and partial removal of the Fern- 
vale and Kimmswick limestones, which once underlay it. The exist- 
ence of the manganese-bearing clay is dependent on this decay of the 
Fernvale limestone, and therefore the breaking up of the chert bed 
is a proof of the presence of the ore and clay, provided of course that 
the original rocks contained materials for such a deposit. 

The distribution of the rock formations, as shown on the accom- 
panying map (PI. XVII), represents not their present but their 
probable original position. The contact line representing the top 
of the Fernvale limestone has been arbitrarily drawn at the same 
elevation as the crest of the highest known pinnacle of this limestone 
found in the workings. The Boone chert has not only afforded loose 

• Penroee, B. A. F., jr., op. cit, pp. 2ei--269. 
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debris which covers the slopes, but together with the weathered Gason 
shale it has settled into the hollows between the limestone pinnacles. 
(See PL XII, A.) The undecayed parts of the Femvale and Kimms- 
wick limestones are nowhere exposed at the surface ; they are con- 
cealed by their residual clays but mostly by debris from the Boone 
chert. The only observed exposure of the Plattin limestone in the 
vicinity of the Southern Hill is at the west end of the old dam just 
north of the Southern Hill Spring. 

The Southern mine, like the Blue Ridge mine just described, and 
like the Grubb Cut, Rogers, Wren, Polk Southard, and Turner mines, 
to be described later, lies in a broad eastward-trending syncline. On 
the south side of this syncline the St. Peter sandstone and Joachim 
limestone are revealed in an anticline in the southern part of sec. 3, 
T. 14 N., R. 7 W., and on the north side of it these two formations 
are revealed in two domes just north of Turner Creek in sees* 33 and 
34, T. 15 K, R. 7 W. 

A large number of shafts, ranging in depth from 20 to 132 feet, 
have proved a considerable thickness of manganese-bearing clay 
beneath the chert. Although most of the shafts have produced ore, 
the quantity from any single shaft is said not to exceed 200 tons. 
Many of the shafts have met loose masses of the Fernvale and 
Kimmswick limestones in the clay, and some have stopped on large 
bodies of limestone, which may be pinnacles rising from an unde- 
composed area of one of these limestones or from the Plattin lime- 
stone below. The clay varies greatly in thickness but is said to 
average about 25 feet. 

The character of the manganese-bearing clay and its relations to 
the imderlying and overlying rocks, and the occurrence of the man- 
ganese in it, are illustrated in Plate XII, A^ and figure 19 and are 
further described by Penrose,® from whom the following is quoted : 

The clay that contains the ore at the Southern mine is a stiff red, brown, or 
almost black material, frequently containing many Joints. The joints are due 
to the gradual sinking of the clay bed as it was formed from the limestone, 
and their faces are deeply grooired by slickensides^ caused by the movement of 
one part of the day against the other. The upper part of the clay contains 
fragments of chert, and the main chert bed itself often protrudes into it In 
angular *' reefs." The clay bed is of a brighta*ed color in its upper part, but 
below it contains darker layers known as " black Joint." The ore so far has 
been mined only in the upper clay, and until lately no work has been done in 
the " black Joint." The color of this dark bed is due to manganese, and it is 
not impossible that further exploration may prove the existence in it of work- 
able bodies of ore. The dilference in the colors of the clay is entirely due to 
the difference in character of the insoluble material in the original limestone ; 
and there is no reason why the ore should not be found in the dark^colored clay, 

• Penrose. R. A. F., Jr., op. clt, pp. 263-265. 
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though a practical test will be needed to demonstrate its presence or absence 
in workable quantities. 

The manganese occurs in the clay iu the form of pockets varying greatly iu 
the amount of ore they contain. In some places only a few tons are found, 
while from others 500 tons or more have been taken. The pockets usually lie 
in the clay almost Immediately under the chert; and this fact would suggest 
that the ore on this property originally occurred near tbe top of the St. Clair 
[Fernvale] limestone. 

The ore is often found, as it is expresse<i, *' bearing off from the steeply 
dipping chert." This can be explained in the following manner: The base of 
the chert penetrates the upper part of the clay bed In a very Irregular manner, 
now running down into it for many feet, now receding, and often piercing a 
pocket of ore. In the process of mining sudi a pocket the ore, of course, ^ends 
abruptly where the chert cuts through it, but ou the other side of the chert 
" reef " the continuation of the pocket may be found, unless indeed the chert 
penetrates the clay at the end of the pocket, leaving all of the ore on one side. 
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FiGUUE 19. — Sections showing the occurrence of manganese ore in shafts at the 
Southern mine. (After Penrose.) 

In sinking shafts through the chert on this property there is frequently 
found, just before the ore-bearing clay is reached, a yellow or brown siliceous 
material [probably the Cason shale] of a dry earthy appearance and from 
6 inches to 3 feet in thickness, locally known as " ocher.'* This is considered a 
good indication that the ore-bearing clay is near, for the " ocher " occurs at the 
base of the chert, and clay containing a greater or less quantity of the ore 
occurs almost immediately under the chert. 

Immediately below the ore at the Southern mine the shafts frequently come 
on to a deposit of sand or sandy day, ranging in thickness from 4 to 20 feet, 
and averaging probably 8 feet. These deposits are called **sand bars," and 
vary from a loose, soft bed to a more compact and massive material. • ♦ ♦ 
It is generally found that in sinking through the sandy stratum a body of 
St. Glair [Fernvale and Kimmswlcft] limest<me is struck, and therefore the 
shafts usually stop when the sandy deposits are met. Between the limestone 
and the sand there is very often a layer of dark-brown or black day of the 
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same character as the ** black joint " described above and varying from a few 
inches to several feet in thickness., It represents the decomposition product of 
tlie surface of the mass of limestone and has originated in a manner similar to 
tlie rest of the clay in the ore-bearing deposit. 

Material on the dumps, which is said to have been taken from the 
deposit of sand or sandy clay described above, consists of porous 
brown chert containing drusy quartz. Casts of certain fossils found 
in some of the chert indicate that the chert once occurred in the 
Fernvale limestone. Many doubly terminated quartz crystals an inch 
or less in their longest dimension occur on the dumps, associated 
with this cherty material. Many of them are transpisirent, but most 
of them are brown from minute inclusions of manganese oxide. 

The ore found on this property occurs in loose masses which 
range in size from small particles, known as " wash ore," to masses 
weighing several tons. It is black, has a bright luster on fresh sur- 
faces, and is generally of a crystalline structure. Parts of it con- 
tain transparent rhombohedral crystals of calcite or inclose cavities 
lined or partly filled with red or* yellow clay. The cavities probably 
represent spaces formerly occupied by the calcite, which has de- 
composed and left the clay as a residue. The masses of ore found 
on the dumps by the present writer were composed of psilomelane 
and hausmannite and were similar to the manganese ore at the 
Grubb Cut, Eogers, Polk Southard, and Turner mines. 

The quality of the ore, as determined from carload shipments, 
varies within the following limits: The percentage of manganese 
ranges from 41 to more than 56 per cent ; the iron from 1 per cent 
to 9 per cent ; the silica from 2 per cent to 6 per cent ; the phosphorus 
from 0.16 per cent to more than 0.20 per cent; and the moisture from 
2 to 7 per cent. Much ore has been shipped which contains less 
than 0.20 per cent of phosphorus. The following analyses represent 
the composition of carload lots of manganese ore shipped from this 



mine. 



Analyses of manganese ore from the Southern mine. 
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Mangaaese (Mn) 


48.14 
.22 


52.00 
6i67 
.23 


52.90 


51.97 

4.05 

.22 


50.67 

4.26 

.25 


54.40 
2.69 
.22 


53.10 

4.22 

.16 


53.05 


IronCFe) 


3.78 


PhosphOTUs (P) 


.20 
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10 


11 


12 


13 


14 


16 


16 


Maneanese (Mu) 


41.40 

6.06 

.21 


53.60 

8.62f 

.48 


50.45- 
8.41 
.22 


44.03 

9.11 

.25 


53.12 

.165 
2.75 
4.40 


51.82 
3.40> 
.193 
2.50 
5.10 


50.75 
4.27 
.1«4 
3.52 
5.40 


49.73 


IroTi(Fe) 


2.15 


Phosphorus ( P) 


.166 


Silica (SiOj) 


3.10 


Moisture . . ... 










7.28 
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Analyses of manganese ore from the Southern mine — Gontinued. 
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Vl^gimt^ (M") , . 


61.77 

2.88 

.128 

8.18 

1.68 


49.60 
8.84 
.184 
4.79 
3.88 


45.66 

6.00 

.236 


42.64 
8.12 
.266 


47.927 
6.S75 
.197 
3.220 
6.490 


48.183 
6.560 
.255. 
2.986 
7.179 


53.685 


Iron(Fe) 


2.850 


Phosphorus (P) 


.186 


SiUc4<8iOj) 


2.400 


MdsturQ 






4.229 











1-12. ''Lump ott*' shipped in 1917 to t!h« TeniiessM Coal, Iron A "RaHtotA Co. 

13-17. From Penrose, u. A. F., jr., op. dt., p. 362: anolyses were made under the direcUon of the Key- 
stone \f anganese A Iron Co. and were accepted i)y the Illinois Steel Co., the pnrchasen of the ore. 
18. From Penrose. R. A. F., jr.. op. cit., p. 362: analysis by Carnegie Bros. & Co. 
19 and 20. Washed ore sfaippod m 1880 by the Keystone Mang anese & Iron Co. to the ninate Steel Co. 

21. Analysis by A. S. McCreath of 5 cars of washed ore shipped in 1898 by the Keystone Manganese & 
Iron Co. 

22. Analysis by A. S. McCreath of 3 cars of washed ore shipped in 1898 by the Keystone Manganese A 
Iron Co. 

23. Analysis by A. S. McCreath of 15 cars of lump ore shipped in 1898 by the Keystone Manganese <t Iron 
Co. 

The following detailed analyses are of carload lots of ore shipped 
by the Keystone Manganese & Iron Co. from the Southern, Polk 
Southard, and Turner mines, the ores of which are similar and were 
mixed in the same carload lots : 

Analyses of manganese ore from the Southern, Polk Southard, and Turner mines. 



Manganese (Mn) 

Iron(Fe) 

Phosphorus (P) 

Silica (SiOi) 

Alumina (AliOt) 

Lime(CaO) 

MasnesiB (MgO) 

Nickelous oxide (NiO) 
Barium oxide (BaO).. 

Copper (Cu) 

Arsenic (As) 

Combined water 

Moisture 



45.04 

6.87 

.227 

6.28 

3.06 

1.45 

2.45 

.16 

4.17 

.028 

Trace. 

6.96 

6.00 



48^22 
5.8 

.214 
3.05 
2.87 
1.2 

.58 

.00 

2.79 

Trace. 

.012 
7.25 
6.00 



56.36 
1.76 

.125 
1.71 
2.16 

.90 
2.25 

.28 
3.02 

.016 

Traoe. 

4.92 

2.00 



53.37 

2.35 

.170 

2.80 

3.24 

.75 

.65 

Trace. 

2.94 

Trace. 

.019 



10.00 



1 and 2. Washed ore from the Southern and Polk Southard mines. 

3 and 4. "Lump ore'' from the Southern, Polk Southard, and Turner mines. 

Doubtless considerable manganese ore still remains in the worked 
parts of the Southern Hill. It will be found lower than the old 
workings and probably in unworked ground farther east than the 
shafts shown on the map. Ore in paying quantities has not been 
found on the hill north of the Southern Hill nor on the ridge fol- 
lowed by the main wagon road south of the Southern Hill, but it 
has been mined from a group of shafts and cuts known locally as 
the Klondike mine on the hill southwest of the Southern Hill 
Spring and has been found in shafts on the crest of the hill. These- 
openings, lilje the Southern mine, are on land belonging to Mrs. K. P. 
Gregory, and the ore deposit penetrated by them is similar to that 
on the Southern Hill. 
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The method of mining on the Southern Hill consists of a series of shafts with 
lateral drifts at desirable points. No machinery is used either in sinl^in^ or 
tunneling. Hoisting is done by hand windlasses or by "whips" worked by 
horses. Blasting is not always employed even in the chert, as that bed Is so 
much shattered that shafts can sometimes be sunk through it with pick and 
sliovel alone, but the use of dynamite is often necessary. The clay also 
Q^jf^ b|& l9(>r^Qd nKtth pipk f pd shoyfilt ^t tl^ ^mployirijent pf dyp;^p|^ Qften 
hastens the work in loosening the bed and the masses f^| q^rp. ^iip})(^fii| Ik 
generally necessary, as the looseness of the chert f)ed and the tendency of the 
clay to cave in render an unprotected shaft dangerous. The shafts are small, 
and the timbering is cheaply done with roughly split logs. Frequently in wet 
weather the shafts are flooded with surface water, causing considerable ex- 
pense and loss of time, but in fair Keather few such difficulties are experienced. 

The principle of work is to sink a shaft as cheaply as possible until a 
pocl^t Qt t^e Qire \9 ir$&.c^d. ASt^v passing tQ the h^m q£ t)ie oire, drifta are 
r^in put i^ v^riqus ^|rec(;ion|i and the iirhplp ppck^t r^mqved. If in piMtXi^ 
and ^inkifig ^\\l fartb^f W «*ofp ore is fP]>»<i \n tiiQ clay the shafj: i? 
at^andoned awe} a i^eitv one sunk elsewhere. The distribution of the pock^tp 
of ore is very Irregular; sometimes they are separated laterally by several 
hundred feet of barren clay, #.nd at other times they joome iilmost in qsntact 
with each other. :E)xperieoee is said to show that as a result pi thip ir- 
regularity the small-shaft^ syfftjsiii is t^^e cli^§(^ ^p4 th^j: it ^^ys pettef tp 
si|^^^ a l^T^p number of spi^jl sl^aft^ tt^fip Jp dri|t ^ip^lewly «ir9ui}ji ui^jiergjround 
in guest of a new pocket of ore. Many shafts have been sijnk in search of such 
pockets, and a large number of them have been successful. 

The method of mining by a large open cut has been tried at the Southern 
miae, but it proved a faiiure on accoimt ol the expense c£ reiposring the heavy 
capping pf chprt. f ? ■* 

Penrose ^® descnbes as ioUows the water supply ai^d the preparation 
of the pres by the Keystone Manganese & Iron Oo. : 

After the ore has been mined the larger masses are s^arated from the clay 
by hand and shipped without further preparation. This is known as ^Uump 
ore.r? The smaller ore and its associated day, known' as -* wash dirt,'- contain 
from le ^p 25 p(»r cef^t pf qr^. "fl^^ ipat^iia} ii^ i^a^t^ )to a l|irg^ ^rep^iy^ l^iii 
aifd thei^c^ parripd oj^ ^n if^cffnefj ^fsffay^^^ io the lyasfier, ^bic}^ is of th^ 
kind often used for iron ores. The manganese is first dumped into a long 
trough filled with running water. A central shaft, armed with flanges arranged 
in the shape of a broken helix, revolves lengthwise in the trough, and gradually 
forces the ore to the other end. At the same time the beating and washing 
that the ore receives frees it from most of the adhering clay. At the end of 
the trough the ore passes over a screen, and the larger pieces are taken up on 
an apron belt and carried to the ore bin. A man stands by the apron to pick 
out the masses of rock and hard clay ttiat are mixed with the ore. The ore 
that has passed through the screen is then sized by other screens and passed 
into jigs, where it is separated from the Intermixed fragments of chert and 
from the clay that still adheres to it. 

The most troublesome question at the Southern mine has been that ol the 
water supply. The elevated position of the property renders it necessary to 

»«Penrofle, R. A. P., jr., op. cit, pp. 267-260. 
104669—22 ^14 
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get water either by pumping from one of the streams in the lower country 
or by boring a well. A small spring rises on the slope of the hill, but its dis- 
charge is smaU. In 1887 and 1888 a well was bored to a depth of 2,040 feet; 
and though a large supply was not obtained the water from it, with that saved 
from the spring by means of a dam, is now utilized to wash all the " ore dirt " 
that is mined. It is necessary, however, to be economical in the use of the 
water. 

A section of the rocks passed through in the well mentioned above 
is given on page 45. 

In recent years only the " lump ore " has been separated from the 
clay and shipped, and the clay has been left on the dumps. 

GRUBB GUT MINE. 

The Grubb Cut mine, which is owned by William Einstein, is in 
the SW. i NE. i sec. 4, T. 14 N., R. 7 W., li mUes N. 30^ E. of 
Cushman. It was operated about 30 years ago by the St. Louis 
Manganese Co. and was not operated again until 1917, when the 
Marqua Mining Co., the present lessee, began work. At the time of 
visit (April 12, 1918) the Marqua Mining Co. had mined and 
shipped several hundred tons of manganese ore. 

This mine adjoins the Southern mine, and the occurrence and 
origin of its ore body are the same as those of the ore body at the 
Southern mine. 

The workings include several shafts and the greater part of the 
Grubb cut. Formerly the entire cut, the tunnel at the Rogers mine, 
and a few near-by shafts were believed to be on land owned by Mr. 
Einstein, but a recent land survey established the boundary lines 
of Mr. Einstein's land as they are shown on Plate XVII. 

The cut was formerly the main opening from which manganese 
ore was mined, but now the ore is being mined entirely from shafts 
and the cut is being filled with material taken from them. Penrose,^^ 
who visited the cut when it was fresh, supplies the following descrip- 
tion of it : 

The accompanying figure [fig. 20} shows a section across the main pit. At 
the base of the pit are two masses of St. Olair [Fernrale] Umestone of a gray 
color, which Ue horizontally and represent parts of the formation that have 
survived decomposition. Surrounding and overlying them is the manganese- 
bearing clay, overlain in turn by from 1 to 20 feet of chert 

Capt. Ed. Wilbum, superintendent of the St. Louis Manganese Ck).'s mines, 
states that two shafts, now mostly filled up, were sunk here. One was 30 feet 
deep and was in the clay bed all the way ; the other was 40 feet de^ and was 
sunk in the bottom of a tunnel, which was itself 45 feet below the surface. 

As wm be seen in the figure, both the clay bed and the chert dip away from 
the underlying bodies of limestone, covering them in the form of a rough cone 
and pitching off from them in all directions. The position of the chert and 

" Penrose, B. A. P., jr., op. clt, pp. 270-271. 
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day is the natural result of their sinking over the unevenly decomposed sur- 
face of the limestone. * * * The chert is much shattered and broken, and 
near the clay bed it is deeply stained with manganese. 

A great difference in the thickness of the Boone chert will be 
noted in the descriptions of the following shafts. Part of this 
difference is due to the unequal settling of the chert on the irregular 
surface of the Femvale limestone. Shaft No. 3 penetrated the 
Boone chert to a depth of 72 feet without passing through it. A 
shaft which is south of No. 3 and which appears to have been 
filled up passed through Boone chert 60 to 65 feet thick and then 
penetrated clay to a depth of 35 to 40 feet. Drifts were run in the 
clay in every direction from the shaft. A drift running north 80 
to 90 feet encountered "gray rock" (Femvale limestone). The 
production of this shaft is said to have been several carloads. Shaft 
No. 4 passed through 52 feet of Boone chert and 27 feet of clay 
before it reached the Fernvale 
limestone. Drifts have been 
run in the clay in various 
directions from this shaft, and 
some of the drifts are in clay- 
filled solution channels in the 
Fernvale limestone. This 
shaft when it was examined ^^^^^^ 20.-section through the Grubb cut 

(April 12, 1918) had produced showing the decay of the Fernvale Ume- 

70 tons of manganese ore. ;;^«"f' *^^, formation of residual manganese- 

*^ bearing clay, and the subsidence and tilting 

Shaft No. 5 penetrated the of the overlying Boone chert. (After Pen- 

Boone chert to a depth of 50 ^*^«^> ""' ^*^*^°^ ^^^^' *- manganese-bearing 
^ . clay ; v, Fernvale limestone. 

feet without passing through it. 

Shaft No. 1 was being sunk in the Boone chert at the time of visit 
(June, 1918). Shaft No. 2, an old shaft, apparently did not pass 
through the Boone chert 

The manganese ore is composed mainly of psilomelane and 
hausmannite, the psilomelane being in the greater quantity. It 
occurs in the clay both in small pieces (" wash ore ") and in large 
irregular masses ("lump ore"), of which some have been found 
that weighed a few tons. The larger masses are hand picked ready 
for shipment before they are brought to the surface, and some of the 
smaller masses are picked from the dumps after the rains wash the 
clay from them. 

ROGERS MINE. 

The Rogers mine is in the southwest corner of the SE. J NE. J 
sec. 4, T. 14 N., E. 7 W., IJ miles N. 30° E. of Cushman, and is just 
east of the Grubb Cut mine. (See PI. XVII.) Several shafts were 
made about 30 years ago, but they yielded no ore, for they were not 
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sunk deep enough to strike the ore4ifiarmg clay. One tunnel Tg |eet 
long, also made at that time, yielded very little bre. The mine was 
next operated by R. S. Handfbrd, beginning in December, 1916, and 
he was succeeded in Oetober, 1917, by the Oushman Manganeg^ Co., 
the present owner and operator, of whieh Mr. Handford is a member. 
The production by Mr. Handford was JlS tons of ^^ lump ?' manga- 
nese ore and that by the Oushman Manganese Co., before ^nne, ldl8, 
was 188 tons of " lump " manganese ore' and 8 eptrloads of ^^ ore dirt '' 
from whieh the lump ore had been hand sorted. 

The workings consist of several shafts ai)d one tunnel, none of 
which could be entered at the time of visit. (See PI. XVII.) They 
are all in the Boone ehert, and none of the old shafts ^nd only ^o 
of the new shafts passed through the Boone chert into the ore-bearing 
clay. The deepest shaft, 06 feet deep, is said to have passed through 
60 feet of the Boone chert and then 36 feet of ore and ore-bearing 
clay before it encountered the " gray rock.?' Drifts were run from 
this shaft into the ore-bearing clay, and they in places encountered 
" gray rock." The next deepest shaft is said to havjB passed through 
60 feet of the Boone chert and 30 feet of ore-bearing clay. 

The Boone chert not only caps the hill, but its debris covers the 
hill slopes, and the Cason shale, the Pernvale, Kimmswick, and 
Plattin limestones are nowhere exposed on the hill slopes in the 
vicinity of this piine, bi^t; " gray ^-ock," which is either the Kimms- 
wick limestone or the Fernvale limestone, was, as noted above, fqund 
in the deeppst shaff. 

The discussion of the origin of the ore-bearing clay, the relations 
of the clay to the overlying Boone chert and the underlying lime- 
stones, and the origin and character of the manganese ore at the 
Orubb Out and Southern mines applies to the ore deposit at this 
mine and need not be repeated here. 

The '^ ore dirt " shipped from this mine is stated to have averaged 
25 per cent of manganese. The following analyses ar^ of carioads 
of lump manganese ere shipped in 1919 to the Tenness^e Coal, Iron 
& Railroad Co. : 



Manganese (Mn) 

Iron(Fe) 

Phosphorus (P) . 

Silica (SiOf) 

Ahimina (AliOa). 





} 


2 


3 


4 


5 




49.28 

6.52 
2.62 


47.07 
8.08 
.38 
6.52 
2.62 


49.43 
4.34 
.20 
5.80 
2.64 


52.28 
4.04 
.59 
9.56 
2.96 


SO .31 




4.85 




.28 




6.10 




2.97 
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k»uK 8DUTHAKD tLTHm. 

The Poik Southard mine, which is owned by the Martin Manga- 
nese & Mining Co., is in a saddle-like depression south of turner 
Greek, in the NW. i SW. i sec. 3, T. 14 N., R, 7 W.^ i^ miles N. 30^ 
E; of Cushman. It was first operated about 30 years a^o by the Key- 
stone Manganese & Iron Co., which mined and shipped 3,500 to 4,ObO 
tons of manganese ore, and it was next operated in 1909 and iOiO by 
the Hwtin Mangafaese & Mining Go., which mined and skipped 500 
tons of ore. ^he Independence Mining Co., tke present operator, 
began work in i9i5 d,nd kad mined and shipped 1,500 toAs of ore 
before J'une, i918; 

Xke workings include maay skaits and three large cuts, whick for 
convenience may ke termed North cut, Middife cut, and South ciiL 
Tkes^ cuts and some ol the gkatts are represented on the iliap oi Ihe 
mine. (See M. iJtVli.) ^he cuts are in manganese-bearihg clay, 
and all tke shafts ^re said to have penetrated suck clay, wkick proves 
tkat tke ere kody underlies ah area oi several acres. 

The ore-b6aring clay is sticky and is cut ky joints whose faces are 
polished and are grooved by slickensides. t^arts oi it are red, otker 
parts are ckocolate-colored^ and some oi it at the top is yellow. The 
clay, as revealed in tke North cut, lies in hollows as muck as 20 leet 
or more deep in the Plattin limestone, and overlies tke limestone pin- 
nacles separating tke hollows. (See PI. iJt'Vl, A,) ^o limestone is 
exposied in tke Middle and South cuts nor on tke surface hear the 
opeiiings, but tke exposures of the Plattin limestone in tke N ortk exit, 
on tke north slope north of tke mine, and in the workings o:^ tke Tuirner 
mine on tke east indicate tkat tke ore-bearing cidy everywhere rests 
upon the Plattin limestone, 'f h^ Surface of tkis limestone is doubt- 
less irregular in all parts oi this tract, hence tke ore-bearing clay 
varies greatly in thickness, the minimum being a few feet and the 
maximum about 40 feet. (See PI. XII, B.) 

The blay is residual not only from the part of the Plattin lime- 
stone that has obviously been removed by erosion but also from the 
Kimmswick and Fetavalie limestones, which were laid down ofier 
this locality but have been entirely decomposed. A part bf it is 
perkapfe derived from the Casoh shale, which was probably Ottce 
present at this locality. But the greater part of the clay as well as 
all ik* D^kssfeis oi xSrk is belii^Ved to be a r^idUe f r61n the d^compbfei- 
tioh di the FefiiVale liinfestbhi. While Ihesfe lim^stbhefej isthd the 
O^Sbii skkle W^re b^ih^ d^coiiipOged the o^rljring Bbohfe ch^tl i^ttled 
to goiifo^ni with lh6 irf^^lbritifes bf the stiWA&e bf the limfeMlohe. 
(gefe 1*1. Xli, ^.) A kyir feet to TO iefet bf this tihfert, which ife how 
nmh fehattfei-fed, ov)drliefe thfe bi*e-bearihg cky; it is thi<*kfebt in the 
hblWfe itt tke Pl'Attin lii&i6fetoh6 hfid thinttWt akov^ the ^itittades 
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of this limestone. Part of the overburden, however, is wash, con- 
sisting of red clay and chert fragments. Such wash is well exposed 
in the South cut. 

Although manganese ore may be found in every pit or shaft in 
the above-described clay, it is by no means uniformly distributed 
through the clay but occurs as pockets scattered here and there. It 
consists of irregular masses of psilomelane and hausmannite, which 
range in size from fine particles to boulders weighing several tons. 
Tests are said to show that the " wash ore " and " lump ore " occur 
in equal proportions and that the ore-bearing parts of the clay will 
yield 1 ton of ore containing 45 per cent of manganese to every 4 tons 
of ore-bearing clay. The overburden and ore-bearing clay together 
are reported to average about 45 feet deep, and material which is 
handled by the steam shovels is reported to yield 1 ton of lump ore 
for every 50 tons of material handled. ^ Mdch ore has been left in 
the bottom of the North cut, as it lies in hollows in the Plattin lime- 
stone and was therefore not removed by the steam shovel. If this 
ore were included the recovery of "lump ore" would probably be 
greater than 1 ton of "lump ore" for every 50 tons of overburden 
and ore-bearing clay. The steam shovels in the Middle and South 
cuts were removing the overburden at the time of visit and had 
reached the ore-bearing clay at only a few places. 

The ore is similar to that at the Turner and Southern mines. In 
fact, some of the ores from these three mines were mixed by the 
Keystone Manganese & Iron Co. before they were shipped. Analyses 
of carload lots of both "lump" and "wash" ores that were thus 
mixed are given on page 196. The following analyses are of carload 
lots of " lump " manganese ore shipped from this mine by the Inde- 
pendence Mining Co. to the Miami Metals Co. : 

Analyses of manganese ore from the PcHk Southard mine. 



Manganese (Mn).. 

Iron(Fc) 

PhospfaortisCP).. 

Sflica(SiOs) 

Moisture 



54.88 
2.31 



55.05 
1.98 



2.18 
6.17 



1.49 
3.03 



2.83 
.187 
S.28 
6.77 



The Keystone Manganese & Mining Co. mined the ore by means 
of shafts and cuts, and it hand sorted most of the ore from the clay 
but concentrated some of the marketed ore in a small washing plant 
just below Turner Spring. The Martin Manganese & Mining Co. 
operated the mine by means of shafts, and the Independence Min- 
ing Co., the present operator, has mined ore in shafts and cuts. 
The work in the Middle and South cuts was being done at the 
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time of visit by two steam shovels. The North cut had been made 
earlier by a steam shovel. The " lump ore " that was being mined 
by the steam shovels as well as that from the shafts was sorted by 
hanfd from the inclosing clay, and the " wash ore " was being feft in 
the clay on the dumps, but at the time of visit a single-log washer 
was being erected at Turner Spring to recover the " wash ore " from 
the ore-bearing clay that had been placed on the old dump north of 
the mine and also the " wash ore " from the new cuts. Much of the 
clay on this old dump will yield 15 tons of " wash ore " for 100 tons 
.of clay. 

WREN MINE. 

The Wren mine, also known as the Wren Hill mine, is on the G. T. 
Rogers tract, in the NE. | NE. J sec. 4, T. 14 N., R. 7 W., 1| miles 
north-northeast of Cushman, and is on a hill west of the Polk South- 
ard mine. (See PI. XVII.) It was operated many years ago by 
means of shafts and cuts, and a little work has been done recently 
by the Cushman Manganese Co. Penrose ^^ in describing the earlier 
workings says, " A number of pits show the presence of manganese 
ore in varying quantities, associated with red clay and overlain by 
from 2 to 8 feet or more of loose chert." The character and origin 
of the ore and the relations of the clay to the Plattin limestone are 
the same as they are at the Polk Southard mine. 

TXTKNER MINE. 

The Turner mine, owned by the Cleveland Manganese Mining Co., 
is on the north slope of a hill in the NE. J NW. J sec. 3, T. 14 N., 
R. 7 W., If miles N. 35° E. of Cushman. (See PI. XVII.) Most of 
the work at this mine was done about 30 years ago, and the following 
description of it is quoted from Penrose,^^ who visited it at that time : 

Something over 4,000 tons of ore are said to have been taken from the prop- 
erty, of which quantity from 500 to 1,000 tons were mined by E. H. Woodward & 
Co., and the rest by the Keystone Manganese & Iron Co. at different times 
between 1886 and 1890. 

The ore is associated with red clay and directly overlies the decomposed 
surface of the Izard [Plattin] limestone. It is capped by the broken and dis- 
turbed remains of the chert bed, which varies from only a few scattered frag- 
ments to 20 feet in thickness. The St. Clair IKimmswick and Femvale] lime- 
stone has entirely decayed, and the clay and ore remain as the residual product. 
Even the Izard [Plattin] limestone ♦ * ♦ has been attacked by the surface 
waters, and de0p hollows, separated by protruding knobs,. have been formed In 
its surface. The ore-bearing clay has collected In these hollows and also covers 
the protruding knobs. A large part of the northern end of the hill has been 

M Penroees, K. A. F., Jr„ Ma]iganese-~>>it8 uses, ores, and deposits : Arkansas Geol. Survey 
Amu Kept, for 1890, vol. 1, p. 274, 1891. 
" Idem, pp. 271-274. 
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^ca^kt^i dnd the fiikg^H door of iz&ri tP^Hiti] liiileyt(iile hks beeh expbi^ed. 
♦ * • [dee flg: 21.'] 

A^ would be ex^tcKl in a depdfiit sileh as tbe one at the Turner mine tbe 
thickness of the daj is venr changeable, varying from 4 to 40 feet or more. 
The bed Is not so thick as in places like th4 Southern mine, where even less 
d^0 of Ihfe Si 6iftir [ingiivAlfe klA klttimfeWlfck] llhl^tohe hks gon^ dn. In 
th6 iiart^ 6f the "rnrHhh r^meitfy MkU m bh^rt ii&i \MA midki Bhtli^ly 
femdted this diife^ce lii the tttlckiiess df tlie i^Af iai&f 6e dU^ tb ^biHbn by 
sui^fice yraterfe, but it is probably due mbstly to the fact that the original iimfe- 
stone did not contain the material to form a thicker bed. The value of a deposit, 
however, does not depend alone upon the thlcldiess of the ore-bearing ciay, but 
on the percentage of the ore in that clay ; and it often happens that a ciay of 
great thickness does not contain a pAyiHg Qtittttity of ore, while a much thinner 
bed may pay well. It is necessary, therefore, to make a special study of each 
Ideality ill order to dete^ihiiie its value: The Tunier inine is a casef wfai^re a 
comparatively thin bed of clay contains large quantities of ore. 

The riling %as operated f t-om 
At)fil, 1916, lo D^cembef^ 1917, 
by W. H. Denisbn, wRo mined 
90 tons of bre^ and a little 
trork was bfeing done al the 
time of tifeit (June, 1918). 

The mangailesd ore fe like 
that at thfe neat-by Polk Sohth- 

Boono chert (a) and occupying hollows in for this reaSOn the KeystonC 

the decomposed surface of the piattih iim^ Mahganese & Iron Co., which 

stent' (c). (After Penrose.) ^ ^^ , ^ 

operated these three mines at 
the sAm^ iiftie, iniifed at Iba^t d pkrt of the bi*es f toih tlieih. Analyises 
of tivo 6ar1oaa lots bi Ihiti^ ore mixed iii lliis way are giveii oh 
pdg^ 1§6. 

liissrrfcft Ai^ii. 

fli^ Lassitef inirie, also known as the Laphain mine and tlie Sec- 
tion Thirty-three hiine, is on land owned by William Einstein; in the 
SE. J sec. 33, T. 15 N., R. 7 W., 2 miles N. 20° E. of Gushmfth. It was 
first operated abbtit 30 years dgd by the St. Loliife Mjlhgiih^se Co.," 
and ^as lifeil (it)^rftted hf thfe l^Iarqii^ Minitlg Cd., thfe t)reseht kssde 
and operator, which be^an work in 1917 and had mined and shipped 
several nundred Ions of kigh-grade manganese ore before the time 
of Tisit (June^ 1918). 

The ^orkihgs are ott a Slhall terl^ce-like bench, oh the fediithWest 
pbiht df A hill, and ihclhdfe Sfet^rd pitfe, feVe shkfts, of Which the deep- 
est is ^6 feet dieep, arid a, large ciit, which liad a face of 40 feet before 
it caved. (See PL XVII.) Although this bench is corered With 

'♦ Penrose, K. A. F., jr.. op. cit., p. 27r». 



Digitized by VjOOQIC 



INnBPENDBNCB CX)UNTY. 206 

chert, T^^hich in most places concedb the bi'e-bettl'ilig clay, ther^ are 
mdhy exposures bi the Joachiih linlestone dh the stef>fes both dbt)ve 
and beloW the bench arid Some nidfeses bf this limestoiie aH rfeveitled 
in the workings. The St. I^^tl^r saridstorife i^ ^xpos^d in a sihall hr^it 
stretching along the wet-weather branch that flows past the west 
base of the hill. This sftiiastdn^ is eif)bfefed on the axis of a low 
eastward-trending anticline, and the Joachim limestone on either 
side of the axis dipfe af ah angle of a few degrees away f rbhi it. 

The chert covering as revealed in Ihe workings varies in thickness 
from a few iiiches to fe5 feet. Although most of the chert represents 
a part of ttie Boone cheri that hks settled and becoine much fractured 
as the uhdeflyirig liihestories were removed through solution, some 
of tke chert appears to have been transported to its present position 
by water. Many boulders composed of chert pebbles and chert frag- 
ments cemented by browti iron oiidfes lie on the slope southwest of 
the mine. 

The reddish-brown ore-oearing clay, parts oi whicn contain many 
chert fragments, ranges in thickness from a iew feet to more than 
bo feet. One shaft is said to have been sunk to a depth oi 50 feet 
in the olay without reaching the underlying limestone ; work in this 
shaft was discontinued on account of the presence of water. Pen- 
rose,^*^ who visited the mine when it was first worked^ describes one 
shait as follows : 

A shaft hdd been sutak into the " orfc dirt " for 39 rt^et without reaching the 
underlying rock. At the bottom of the shaft a drift was run out to the north- 
west slope of the hill, a distance of 118 feet. The clay bed is continuous for 
the whole of this distance, and iu many places contains manganese ore. 

The ore-bearing clay lies in hollows in the Joachim limestone and 
overlies the limestone pinnacles between the hollows. (See PI. 
XII, B.) Manganese ore has been found in much of it that was 
taken from all the openings within an area of about an acre^ which 
is indicated on the map, and very little or none has been found in the 
pits outside this area. The manganese ore is mainly psilomelane, 
but some of it contains small quantities of kaiismannite and possibly 
braunite. It occurs as fine particles, which appear to form fully 
one-tenth of the ore-bearing clay, and as larger irregular masses 
reaching a maximum weight of 9 tons. Thus far only the larger 
masses have been separated from the clay and shipped. 

Masses of red iron oxide are commonly mixed with those of man- 
ganese ore near the surface but are said to be absent in the lower 
parts of the workings. Manganese oxide is present not only in the 
clay but it has also partly replaced many chert fragments, and it 
occurs as a film that covers the surface of many chert fragments. 

wi»enros(», R. A. V.. Jr.. op. ilt.. p. 27.',. 
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Most of the manganese ore, as well as much of the clay in which it 
is found, represents a residue from the decomposition of the Fern- 
vale limestone, which was once present at this locality though at 
least 250 feet above the terrace-like bench. 

CRIPPIiE HIIiL PROSPECT. 

The Cripple Hill prospect is on the south slope of a hill that is 
north of the Polk Southard mine, 2 miles north-northeast of Cush- 
man. A few pits have been dug recently in a rocky clay, and be- 
tween 12 and 15 tons of " lump " manganese ore are said to have been 
taken from them. The clay overlies the Plattin limestone, of which 
many ledges are exposed on the slope, and it probably does not occur 
in great quantity. 

MAXFIEU) PROSPECT. 

The Maxfield prospect is in the NW. i SE. i sec. 34, T. 15 N., 
R. 7 W., 2i miles northeast of Cushman. A few pits and shafts were 
dug on the southwest point of a hill by W. H. Denison, and only a 
very small quantity of manganese ore was found in them. They 
penetrate a yellow loam in which there are chert fragments and 
pebbles, and some of them pass through this loam and enter a light- 
brown clay. The only manganese oxide observed at the time of visit 
(April 22, 1918) was in very small pieces scattered through the 
brown clay. The clays at this locality overlie the Plattin and 
Joachim limestones, of which there are a few exposures near the 
openings. 

SECTION THIRTY-FOUR PROfi|PECT. 

The Section Thirty- four prospect, owned by William Einstein, 
is in a hollow and on an east hill slope in the SE. i NE. J sec. 34, 
T. 15 N., K. 7 W., 2f miles northeast of Cushman. Work at this 
prospect was done by the Marqua Mining Co., which is reported to 
have mined and shipped more than one carload of "lump ore" 
that contained 58 per cent of manganese. This ore was obtained 
by means of pits and shafts from one " pocket *' of ore, and although 
further prospecting was done no other pockets were found. The 
few fragments of manganese oxides found on the dumps at the 
time of visit (April 23, 1918) were composed mainly of psilomelane 
but partly of hausmannite. The ore-"bearing clay is reddish-brown 
and is overlain by red and yellow clays in which there are chert 
fragments. There are no exposures of limestone near the openings. 
In fact the only limestone observed at the time of visit was a few 
fragments of the Plattin limefetofte lying on a dump. 
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FBIDAT FROSPBOT. 

The Friday prospect, which is on land owned by E. Friday, con- 
sists of a few pits and shafts on a north hill slope just south of 
the Section Thirty-four prospect, in the NE. i SE. i sec. 34, T. 15 N., 
R. 7 W., 2f miles northeast of Cushman. About 15 tons of '^ lump " 
manganese ore was taken from the openings and shipped. The 
workings were caved badly at the time of visit (April 23, 1918), 
but the ore, as at the Section Thirty-four prospect, was probably 
obtained from clay that underlies the surface material, which is com- 
posed largely of chert fragments. 

SIMPSON FBOSFECr. 

The Simpson prospect is on the south slope and near the ci^st of 
an eastward-trending ridge, in the NW. i NE. i sec. 33, 2^ miles 
north of Cushman, and is on land of which the mineral right is 
owned by N. A. Adler and the agricultural right by L. E. Simpson. 
In 1914 Mr. Handby mined here 10 tons of oire containing 55 per 
cent of manganese. This ore was taken from a cut 6 feet deep and 
30 feet long, and it consisted of masses ranging in weight from 1 
pound to 400 pounds. It was hand picked from a reddish-brown clay, 
which is overlain by 3 to 4 feet of red cherty loam. Other openings 
within less than 100 feet of the cut are a shaft 15 feet deep in cherty 
clay and loam practically barren of ore, a pit 8 feet deep in similar 
material, and a shaft 40 feet or more deep, which is said to have 
struck m{|.nganese ore at the bottom. The only limestone found in 
the workings was a boulder of pinkish-gray (Femvale) limestone. 
A few outcrops of the Plattin limestone extend up the south slope 
to a point within about 50 feet of the south end of the cut. 

HEI.MS PROSPECT. 

The Helms prospect, which is just south of the Simpson prospect 
described above, is in the SW. i NE. i sec. 33, T. 15 N., K. 7 W., 2t 
miles north of Cushman. A few shallow pits have been made by 
J. W. Helms, the owner, in yellow cherty clay on the south slope of 
a ridge. Several hundred pounds of manganese ore has been taken 
from the pits, and one boulder of ore weighing 300 pounds was found 
on the surface. A small pile of manganese ore observed on one of 
the dumps consisted of steel-blue psilomelane. Exposures of the 
Plattin limestone on the slope indicates that the clay overlies this 
limestone. 
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M6\jjf^ E^A ^l^K 

The Moiint Etnk mine, khieh is oytni&ii hf WiiUum ElnSteiA, is 
2i miles north of Cudihiail. It was opfeimted in 1917 by thd MimqfHa 
.Mining Co.^ and ^om^ mahgdneste ©re was shipped. 

The wot-kings cbhsist bi ser^ral pitd, tiidSb of which h*vfe be^ du^ 
within An area of about 1 acre on a gentle northwest stope-, ftild they 
penetrate r^d, ^ellow^ arid bro\^n ttiaiigaHbse-bfeftring eteys; ThtSse 
cluys lie upon the irregular stirfaee 6f the Fbrardl^ limestotte^ Whi^ 
is exposed ih thfe wotkings^ iind thfey arte ebnceitled by a thiii dbteWii^ 
of chert debris and large blocks of brot^fii stedstohe. The <*ert 
debris and the sandstone blocks represent parts of the Boone chert 
and Cason shale, respectiv^y^ Hlttt hilVfeyfettled down the slope below 
their original position. In the deepest pit, which is 20 feet deep, the 
clays range ih thicfehfess f Wni S f 8et fe iiitihes to «i6W fhaii 4 feel khd 
lie betlvfeen a nearly vfertical facfe xSt the l^fernrftle ii'rfi'egteh^ &Bd k 
heaVy l^dge of Saridfelone dipi^ih^ m^ kWdj^ febln (M llBteStdAe fecfe. 
Irregular masses of red and browil ii-ofl bxidfes dhd fedfe thobp ftird 
iliahgdnese bxide, sohi^ W^i^hing ks ihUfeh is lb ^bUilds, a^ fecAtferdd 
thi-bilgh thfe (ilaif . Bdhit bf thefefe Ih&S^fes (Tohbiii a high tJfef«fe&tkfeft 8f 
silica ih thA fdmi of feaiid gffeifiS. ttie 6ft ahd the dHy Ift ^M(ih it 
occurs Are dj^parfeiltiy A i-felsidtife fi-dfll ttifi dfecfbm^bSitibA dt b&tfe Ike 
Fi^rhyale lihi^ston^ khd tasbh shkl^. 

A few very sniAll pits ai^ hfear kn biitferop bi the j^^rnVale iiihe8t8he 
cm the slbp^ farthi^t ^^st. They yielded a sffiali qufeiitiiy dt higll- 
^rAdte HaM faiangailel^e biidfe ks Well As hihsses of Brb^ft AM Y^A 
oxidles of irbh. 

J. R. DbbSON ttfb'SPECT. 

The J. R; Dobsoh prbspect te oti the J. ft. Dbfefebh trad, ih tft^ Jf B. { 
sec. 29, T. 15 N., E. 7 W., 3^ miles north of Cushman. Prospecting 
at this locality was done in 1&17 by Wife Magnolia Mining Co., and 
during the prospecting 16 tons of " lump " manganese ore was sepa- 
rated by haiid picking f rbin the ore-bearing clay and shipped. Of 
this production 12 tbiis cbiitained nlore than 45 per cent oi man- 
gahese khd 4 tons less tlikn 40 pei* cent oi manganese. 

iSeVerkl pits and shafts as miicti as feb feet deep have been dug on 
the e^st slbpe of a ridge and in a saddle near the crest oi the ridge. 
Th^y penetrate a ^d lo dark-bi-owii clay whose surficial portion con- 
tains chei*'t f ra^ehts. The clay overlies tlie eToachiih and Plattin 
lifai'estbnes, of which there are sbm'e exposures ih the workings and 
mkhy n^dr fey. fioth the feihimswick and Ferhvale limestones ap- 
pear to have been entirely removed by solution. The chert which 
caps the ridge represents a part of the Boone chert that has settled 
from its former position as a result of the removal of these lime- 
stones. Masses of manganese oxides in the form of '* wash ore" and 
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T^y, ^g^ther yfi\h iv^gmmt^ ^i fe^ iisoH oxide, arp ii^iyed with 
p^hb^fisi in t|Sje t)©ttpi«is €i| gullies qh tl^is prep^Bty, a^id §^ct material 
iftaj ^^ij^eyilie the ^Hi^viftj gt^Bps. ^ftf^? ^h6 b^sft oi tjie hiU sjppe. Ms^ny 
of tjj^ cbe^ti f F^gn^^te W t^h« W^-bf^a^illg cl^y i^re stained mth Wian- 

J. p. BARNES PROSPECT. 

The J. p. Barnes prospect is on the south point of a ridge, on the 
north si4e iof :puinpj:in Cr^k, in t\ie 3W. I sec. 32, T. 18 N., R. 7 W.. 

2 miles uprtl^ by west c^f Cusbnis\n. Tjie oj^ly opening at the time of 
Yigit ( Ap?il Xh l^W ^fts. Q giflaali pit tM% bM beep d^g cm the upper 
B^rt o| t^e hill slog^. Thet plqpft wJiere tbft pit was dwg is gentle a-nd 
i§ §trew^ vith cbfift fr^gflfi^iits an4 nebbles. No rock ledges are re- 
veftl§4 on it, feut heavy le^gefi of cbeFt dipping ft* different angles 
are pn i}f\^ crest pf tl^e ridge, a^d ?aany pu^crqps pf the Plattin lime- 
st«iBfi aFa pn tj^^ sl^pe belqw tbe pit.. The absence of exposures of the 
KiBaBafwiqk ft|^4 I^e^Male Up^ft^tQ^e^, together with the occurrence 
of (he displaee4 chert ledges op th^ crest, suggests that these limer 
ste?^ ^§Y6 been largely or entirely d^cpmppsed. If sp the crest of 
the ridge is underlain by a considerable quantity of olay that may 
c<int^iB ipuch ?na?^gftl^?se pre. 

Qpe (jQi| pf jpapgap^e or^ has been taken I rpm tJie pit and 2 tons 
or more l^ave been pick^ np pn tbe i^urf ace near the pit and at places 
^ear Mr. PaFne^'s house tP the. spv^hwesft. Tbe pre that was seen on 
the §prf aefii at the ti|P^ pf yipit i^ pt^el-blue pompact psilomelane in 
masses ranging in size from fine particles to fragments that weigh a 
few pounds. 

After the writer's visit the land on which the pit is situated was 
sold to ?• B? McCprpii^, who dug tb?ee shafts and two cuts, in 
vbieh tbe sbPWing pf mangane^ pre is said tp hav^ been good. The 
traet b40 since been sold tp J* W. Williams and associates. 

wo;^?pRi> »JINp.. 

The Wolfqrd mine, which consists of several small pits within an 
acre on and near the crest pf a hill, is in sec. 31, T. 15 N.^ R. 7 W.^ 

3 miles northwest of Cushman. It was operated in 1917 by Jifl[^ 
Wolford, who mined three carloads of ferruginous manganese ore 
that contained about 17 per cent of manganese. Most of the pits ar^ 
on the outcrop of the Cason shale. This formation does not here con- 
tain shale but consists of a soft yellow to red earthy, pebbly sandstppe, 
in the lower part of which manganese an4 iron prides are dissemi- 
nated. Some of the richer parts of the sandstone appear to have 
been mined as ore. A chocolate-colored clay underlies the sandstone, 
but as the pits were badly caved at the time of visit (April 11, 1918) 



Digitized by VjOOQIC 



210 MANGANESE ORE IN THE BATBSVILIiE DISTRICT, ARK. 

the presence or absence of manganese ore in it was not determined 
by the writer. One pit passed through chert ledges that dip 60^ 
E. These ledges represent a part of the Boone chert that has settled 
from its former position as the l&nestones beneath it were removed 
by solution. The Cason shale has also probably settled below its 
original position. The only limestone exposed in the vicinity is the 
Plattin limestone. 

NBILL PROSPECT. 

The Neill prospect is on and near the crest of a ridge in sec. 31, T. 
16 N., R. 7 W., 3 miles northwest of Cushman. A little work was 
done at this locality in 1917 by T. F. Shell, and some manganese ore 
was shipped, but the quantity was not determined. A few shallow 
pits and cuts are in brown manganese-bearing clay and in surficial 
chert debris, whose thicknesses were not determined as the workings 
were badly caved at the time of visit (April 11, 1918), but one of 
the pits that is highest on the ridge shows 10 feet of chert d6bris 
overlying the clay. This clay apparently rests upon the Plattin 
limestone, which is exposed near by, and it is presumably residual 
from the Fernvale limestone, although there are no exposures of this 
limestone in the vicinity. 

The manganese ore consists of irregular masses of psilomelane 
scattered through the clay just described. The larger masses have 
been separated from the clay taken from the workings and have 
been shipped, whereas the smaller pieces, which appear to form from 
one-third to one-half of some of the ore-bearing clay, have been left 
in the clay. 

CALAWAT PROSPECT. 

The Caiaway prospect consists of several very small pits and a 
cut 100 feet long near the top of a hill on the east side of East 
Lafferty Creek, 2 miles north-northwest of Cushman. Work was 
done at this locality in 1916 by W. H. Caiaway, and 1^ carloads 
of ore, of which one-third was high-grade manganese ore and 
the rest ferruginous manganese ore, was shipped. The openings 
are on gentle west and southwest slopes and are in red manganese- 
bearing clay the upper few feet of which contains chert fragments. 
The clay was not seen in place as the openings had caved before the 
time of visit (April 9, 1918), but the occurrence of exposed ledges of 
Plattin limestone near the openings indicates that the clay rests 
upon this limestone. 

The manganese ore that has been shipped consisted entirely of the 
larger masses. The smaller particles, which have been left in the 
clay on the dumps, are mainly manganese oxides but partly iron 
oxide. 
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fiTBBRirrr hinb. 

The Sterrett mine is in the NE. i SW. i sec. 6, T. 14 N., R. 7 W., 
2 miles northwest of Cushman. It was operated in 1896 by the Key- 
stone Manganese & Iron Co., which shipped one car of manganese 
ore, and it was operated in 1916 and 1917 by T. W. Sterrett, the 
present owner, who mined and marketed three cars of manganese ore 
containing about 40 per cent of manganesa 

The workings, which are pits, cuts, and shafts, are scattered over 
a few acres on and near the crest of a ridge. Although they were 
badly caved at the time of visit (April 9, 1918), the red ore-bearing 
clay could be seen lying between and over horses of the Kimms- 
wick and Plattin limestones, none of which reached the surface. 
The clay is overlain by loose chert dfibris and by ledges of the Boone 
chert that have settled below their former position to conform with 
the irregular surface of the limestones. The chert ledges are much 
scattered and dip at diflferent angles in diflferent directions. 

The manganese ore occurs in the clay as hard masses, both large 
and small. The larger ones — those 1 inch or more in diameter — have 
been separated from the clay by hand picking and shipped, whereas 
those less than 1 inch in diameter have been left in the ore-bearing 
clay, of which they form a considerable part. 

SANDERS PROSPECT. 

The Sanders prospect consists of a few shallow pits and cuts ip a 
hollow m the SE. i NW. i sec. 6, T. 14 N., R. 7 W., just north of the 
Sterrett mine and 2 miles northwest of Cushman. Work was done 
here in 1916 by Ernest Sanders, the owner of the land, who mined 
and sold a few tons of manganese ore. The workings are in red clay, 
in which the manganese ore occurs as masses ranging in size from 
particles one-fourth of an inch or less in diameter to boulders. The 
clay overlies the Plattin limestone, of which there are a few out- 
crops, and its surficial portion contains chert fragments. The man- 
ganese ore at this locality is similar to that at the Sterrett mine. 

MIUiER PROSPECT. 

The Miller prospect, which is on land that formed part of the 
AV. H. Cole tract described by Penrose,^® consists of several openings 
on and near the crest of the ridge on the south side of Pumpkin 
Creek, in the SW. i NE. J sec. 6, T. 14 N., E. 7 W., 2 miles northwest 
of Cushman. Some work was done here 30 years or more ago, and a 
very small pit, from which irregular masses of manganese ore were 

*• Penrose, R. A. F., Jr., Mangranese — ^Its usc^ ores, and deposits : Arkansas Geol. Survey 
Ann. Kept., vol. 1, pp. 276-276, 1891. 
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removed, was being dug in ph^ty red elay at the time of visit (April 
9, 1918). The thickness of the ore-bearing clay at this pit had not 
been determined. Outcrops of the Plattin limestone that are near by 
suggest that the clay overlies this limestone. Penrose,*' who visited 
the old opening, describes them as follows : 

Several smaU pits which have been dug show the presence of manganese ore 
in a red day. The deposit is said to have been sunk into for 25 feet without 
reaching the bottom of the clay. Thp ore is of a hard, dark fron-gcaji variety, 
ai^d pftei^ ppi^taln^ i^uni^rou^ c^yi|;ie8 filled y^'pfh Q^rthy matter. 

Frfigm}en|:s pf St. Clair [Ferpvale] Jiqaestpn/e of a cJ^ocql^tet-bfo^x^ cplor ^rp 
frequently found in t|ie clay^ and it is pr9bable that the main body of that rock 
still underlies the deposit, which is not so thick ^s it would have been had more 
of the limestone decayed. The clay bed, however, probably has a considerable 
lateral extent. 

W. L. JOHNSON PROSPECT. 

The Johnson prospect, described by Penrose ^^ vmd^T th^ ifame 
"Thomas Cecil tfact," consists of several small opjsning^ qn the 
W. L. Johnson farm, w^iich copaprises the Wr i ^W: i sec. ^ and the 
E. i NE. J sec. 6, T. 14 N., R. 7 W., an4 is 2 miles northwest of Cijsh- 
man. The ^ork oi^ this prospect has been 4on© repently by Mr. 
Johnsop, ^nd abput 10 tons of mfinganese ore conj^jiiping 50 per cent 
or more of manganese ha^ bee;^ jnin^d and .shipp^d. The mfn^ga^ese 
ore is mainly hard steel-blue psilomelane ; the rest is wad. It occurs 
as fine particles and as boulders weighing as much as 300 or 400 
pounds, and although some of it was picked up on the surface most 
of it was found in red or reddish-brown clay, which usually contains 
chert fragments and pebbles. One shaft 42 feet deep passed through 
16 to 20 feet of barren chert debris and the rest of the distance in 
chert debris that is ore-bearing. The occurrence of a few exposures 
of the Fernvale and Rimmswick limestones and of many exposures 
of the Plattin limestone indicate that the ore-bearing material and 
other surficial material rest upon these limestones. 

WB WH^SQN 9StQ9PfXrr. 

The Bob Wilson prospect, which consists of several pits and shafts 
scattered over a few acres on the crest of a low ridge, is on the south 
side of Pumpkin Creek, in the northern part of sec. 5, T. 14 N., R. 
7 W., li miles north-northwest of Cushman. Work was done at this 
locality in 1916 by Corruthers, Enoch & Luckel, who mined and 
marketed half a carload of high-grade manganese ore. The open- 
ings had badly caved at the time of visit so that the thickness of the 
red and brown ore-bearing clay was not observed. Its thickness, 
however, varies greatly and appears to reach in places 10 feet or 
more. The clay is overlain by chert debris and rests upon th^ Fern- 

« Penrose, R. A. F., jr., op. dt., pp. 275-270. 
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vale and Kimmswick limestones, of which there are a number of out- 
crops oi\ the slopes near the crest of tiie ridge. Nothing could be de- 
termined concerning the quality of the manganese ore except from 
the finer particles that had been left in the clay. These consist of 
hard psilomelane of good quality. 

PAGE MINE. 

The Page mine consists of five shafts as much as 58 feet deep that 
have been sunk here and there in the SE. J SW. i sec 4, T. 14 N., 
K. 7 W., three-fourths of a mile north of Cu^man. The tract that 
includes the mine is owned by John Page, and the prospecting was 
being done at the time of visit (June, 1918) by R. S. Handford, of 
the Cushman Manganese Co. It is in a region whose surface is cov- 
ered by a thick mantle of Boone chert, below which there are red and 
brown clays. No limestone is exposed in the vicinity, but the Plattin 
limestone was encountered beneath the clays in one of the shafts, and 
at other localities undecomposed parts of the Kimmswick and Fem- 
vale limestones may be found later. The clays and the ore they con- 
tain have a similar origin to those at the Southerfi mine to the north- 
east. 

Only a small quantity of manganese ore had been found at the time 
of visit but since then a workable deposit has been discovered and 
two carloads are reported to have been shipped from it. Some of the 
ore observed by the writer on the dump of one of the shafts is porous, 
and its cavities are lined with slender hairlike crystals of white 
barite. 

GliUB HOUSE MINE. 

The Club House mine, described by Penrose " under the heading 
" Matt. Martin tract," is in the NE. i NE. J sec. 8, T. 14 N., E. 7 W., 
half a mile, north of Cushman. It was first operated by Skinner & 
Abbot about 30 years ago. The next work was done in 1909 and 
1910 by the Martin Manganese & Mining Co. and the next by the 
Independence Mining Co., the present operator, beginning in 1915, 
but in 1916 some work was done by Denison & Adler. The produc- 
tion has been over 2,000 tons of manganese ore of the different 
.grades described on page 215. 

The workings consist of pits, open cuts, shafts, and timnels scat- 
tered over a few acres on the east slope of the point of a hiU and 
on the crest of the hill. They are partly in solid rock, but for the 
most part they are in surficial clay and chert debris derived from the 
four rock formations described below, of which there are many 

>• Penrose, R. A. F., jr., op. cit., p. 270. 
1045a»— 22 ^15 
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exposures, both on the surface and in the workings. A section of 
the rocks at this locality follows : 

Section at the Club JSou$e mine, 
Boone chert: ^^^ 
Massive and thin-bedded hard gray chert; the chert cap- 
ping the crest of the hill is 50 feet thick 50 

Gason shale: 

Sandy platy shale and shaly sandstone, part of which is 

yellow and part green ; contains a few pebbles 2^ 

Shaly sandstone, largely replaced by porous red and brown 

iron oxides and manganese oxide 2 

Femvale limestone : 

Pinkish-gray granular cross-bedded limestone. Near the 
top it is rusty or dark gray from the presence of man- 
ganese and iron oxides. In one cut a bed of limestone 8 
feet thick, lying at the top of the formation, was quarried 
and shipped as manganese ore; the rock shipped con- 
tained 12 per cent of manganese. The top of the lime- 
stone is irregular and is overlain by pockets of man- 
ganese oxide, ranging in thickness from a few inches 

to 2 feet or more 95 

Kimmswick limestone : 

Fine-grained and compact light-gray massive limestone to 
base of hiU Several. 

The manganese oxides mentioned in the section as occurring' in 
the Cason shale and Femvale limestone are the source of some of 
the manganese ore that has been mined, but the worked ore deposit 
is mostly in the reddish-brown residual clays of these two forma- 
tions that are found at a lower elevation. Clays that are shown in 
figure 5 (p. 63) fill hollows in the Femvale and Kimmswick lime- 
stones. They also overlie the limestone pinnacles between the hollows 
and partly or entirely fill caves in these limestones. They are over- 
lain on the hill slope by different thicknesses of the Boone chert either 
as loose fragments or as shattered, steeply dipping ledges that have 
settled down the slope from their original position, as shown in the 
openings at and near the top of the hill. One shaft on the top of 
the hill passed through 80 feet or more of the Boone chert and en- 
tered a channel in the Femvale limestone which was filled with 
ore-bearing clay. Shafts as much as 75 feet deep and tunnels and 
open cuts have been made in the ore-bearing clay on the slope of the 
hill, and a cave partly filled with ore-bearing clay was followed by a 
tunnel for 200 feet. A mass of white onyx marble several feet long 
and a foot thick lies along the contact of the Fernvale and Kimms- 
wick limestones at the mouth of the cave. Ore-bearing clay has 
been mined in drifts from beneath ledges of the Fernvale limestone 
near the mouth of the cave, and since the mining has been done 
parts of the earthy roof of the drifts have caved in, leaving two 
small natural bridges of limestone. Limestone horses from around 
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which the clay has been removed are excellently exposed in the open 
cuts. The hollows between these horses and the other channels in 
the limestone attain a width of 50 feet. 

Manganese oxides, mainly psilomelane with minor quantities of 
hausmannite and wad, occur in the above-described clays as irregu- 
lar masses ranging in size from fine particles to large boulders. The 
largest boulder thus far found weighed 10.2 tons. The greater part 
of the production of this mine — about 1,400 tons of ore, containing 
between 46 and 58 per cent of manganese — consisted of masses that 
were freed from the clay by hand picking, but some of the clay 
after being picked was wadied by the Independence Mining Co. in 
a small washing plant below Phelps Spring, just northeast of the 
mine. The concentrates thus recovered aggregated 300 tons and 
contained between 42 and 44 per cent of manganese. Thirty cubic 
yards of clay — the quantity treated each day — yielded between 5 and 
6 tons of concentrates. Besides the 300 tons just mentioned 200 
tons of ore, containing 20 per cent of manganese and classed as 
" tailings," was recovered at the washing plant, and 167 tons of the 
ore-bearing Fernvale limestone described in the above section was 
quarried and shipped by Detiison & Adler. The limestone thus 
shipped contained 12 per cent of manganese. 

FELTS PROSPECT. 

The Felts prospect is on land owned by the Cleveland Manganese 
Mining Co., in the NW. i sec. 9, T. 14 N., E. 7 W., half a mile north 
of Cushman. The openings, which are shallow pits, are in the bot- 
tom of the hollow and near the base of the east hill slope on which 
the openings of the Club House mine occur. They have been made 
in red manganese-bearing clay that fills channels in the Plattin and 
Kimmswick limestones. Some boulders and ledges of these lime- 
stones protrude through the surficial material. The ore is like that 
at the adjoining Club House mine, but the quantity of ore is less than 
it is there. ' 

Work was done here from April, 1916, to March, 1917. by W. H. 
Denison, who mined and shipped 36 tons of ore. 

SECTION EIGHT PROSPECT. 

The Section Eight prospect, owned by William Einstein, is in the 
SW. i NE. i sec. 8, T. 14 N., E. 7 W., on the south side of the head 
of the valley of Blowing Cave Creek, one- fourth of a mile west ot 
Cushman. A few shallow pits and cuts were dug within an area of 
an acre or less in 1917 and 1918 by the Marqua Mining Co., the pres- 
ent lessee ; and a small quantity of manganese ore was removed from 
them and shipped. After the opejiings pass through chert debris 
several feet thick they reveal masses of ferruginous Fernvale lime- 
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stone surrounded by chocolate-colored clay, which is at places 16 feet 
or more thick, and they also reveal the Cason shale, which here con- 
tains beds of phosphatic sandstone as well as beds of shale. 

The ore occurs as angular fragments scattered through the clay 
and as a bed a few inches thick lying upon the top of the limestone. 
It consists of the manganese oxides psilomelane and wad and red and 
brown iron oxides, which are more or less intimately mixed. The 
fragments containing the highest percentage of manganese can, how- 
ever, be separated by hand picking from much of the iron oxides. 

MEEKER MINE. 

The Meeker mine, owned by the Cleveland Manganese Mining 
Co., is in sec. 8, T. 14 N., R. 7 W., on the south side of the head 

of the hollow in which Blowing Cave 
is situated, half a mile west of Cush- 
man. It was operated 30 or more 
years ago, and in 1905 it was oper- 
ated by W. H. Denison. Very little 
mining has been done since 1905. 
The marketed ore, which was a fer- 
ruginous manganese ore, is reported 
to have aggregated seven or eight 
carloads. 

The openings consist of several 
open cuts and tunnels that have been 
made in the ore-bearing layer in the 
lower part of the Cason shale. The 
ore-bearing layer rests upon the ir- 
regular surface of the Fernvale lime- 
stone and ranges in thickness from a 
few inches to several feet. The fol- 
lowing description of the succession 
of layers (fig. 22) is after Harder,^* who visited the locality when the 
openings were fresh : 

Boone chert. 

Manganiferous clay 2 to 3 inches thick. 

Green shale varying in thickness up to a foot or more. Absent in places. 

Brown sandstone 2 to 3 feet thick. 

Sandy manganese and Iron oxide formation varying in thickness up to 6 feet 
or more. Locally the lower foot or two is hard and siliceous, while elsewhere 
there are 6 inches or a foot of manganiferous clay at the base. 

Polk Bayou [Fernvale] limestone. 

The manganese-bearing layer consists of thin horizontal layers of man- 
ganese and iron oxides, mainly the former, interlaminated with y^ow and 

» Harder, E. C, Manganese deposits of the United States^ with sections on foreign 
deposits, ebemiitry and uses : U. S. Geol. Sorrey Bull. 427, p. 114, 1910. 
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Figure 22. — Sketch showing occurrence 
of manganese ores at Meeker mine 
(aifter Harder), a, Boone chert; &« 
green shale or manganiferous clay; 
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bearing ferruginous shale; e, man- 
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red sftndy material. The layers are generally crenulated and are one-six- 
teenth to one-half inch thick. The variations are generally abrupt and sharp, 
causing great irregularity. I<ocally large porous masses of manganese ore 
4 to 5 inches thick are embedded in the low-grade laminated ore. They con- 
sist of dark-blue massive psilomelane, with a small amount of finely crystalline 
material in cavities. ]Many of the cavities are entirely or partly filled with 
cal <?ite. 

The ore-bearing layer is stated by Mr. Denison to contain 20 per 
cent of manganese and 25 per cent of iron. 

R. W. REaJTES PROSPECT. 

The R. W. Reeves prospect consists of several very small pits 
in ore-bearing clay on a steep hill slope half a mile west of Blowing 
Cave and 1^ miles west of Cushman. The clay is concealed by 
soil and chert fragments and rests upon the irregular surface of 
the Plattin, Kimmswick, and Femvale limestones, of which out- 
crops are numerous. The ore as revealed on the dumps consists 
of small masses of manganese and ferruginous manganese oxides. 
A ledge of ferruginous manganese ore like that at the Meeker mine 
may be expected in the lower part of the Cason shale, which overlies 
the Fernvale limestone. Very littl^ or no ore had been hauled away 
from this locality at the time of visit (June 10, 1918). 

JAKE COLE PROSPECT. 

The Jake Cole prospect, which is on land owned by Jake Cole, 
is on the south side of Blowing Cave Creek, 2 miles west of Cushman. 
Work was done here by Mr. Cole in the spring of 1917, and several 
tons of manganese ore was hauled to Cushman, where is was sold. 

The openings, which consist of several pits and shafts as much 
as 20 feet deep, are in a reddish-brown manganese-bearing clay. 
This clay overlies the Plattin and Joachim limestones, of which 
there arc a few exposures, and it is generally concealed by chert and 
sandstone debris. In addition to the manganese ore the clay con- 
tains masses of red and brown iron oxides. The manganese ore is 
psilomelane, and most of it occurs in irregular masses ranging in 
size from those about an inch in their longest dimension to those 
weighing 160 pounds. 

SAND rmiD PROSPECT. 

The Sand Field prospect is on the east side of JEast Laflferty Creek, 
near the center of sec. 12, T. 14 N., R. 8 W., 2i miles west of Cushman. 
Work was done at this locality in 1916 and 1917 by W. E. Barnes, 
the owner, and the quantity of manganese ore that has been mined 
and hauled to Cushman where it was shipped is reported to have 
been about 25 tons. 
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The main group of openings, which are pits and shafts, covers an 
area of one- fourth of an acre or less on a terrace that stands at an 
elevation of about 100 feet above Ea^ Lafferty Creek. This terrace 
is underlain by a gravel bed about a quarter of an acre in extent, and 
the gravel bed is in turn underlain by the St. Peter sandstone, which 
is well exposed at many places in the vicinity. The gravel bed, as 
shown by prospecting, is at places 32 feet thick and is composed 
mainly of chert fragments and pebbles but partly of masses of man- 
ganese ore. Its materials were obviously carried to their present 
position by some stream that in the past flowed in a channel at the 
same elevation as the terrace ; it is probably the remnant of an allu- 
vial cone that once existed at the mouth of a hollow that was drained 
into East Lafferty Creek. 

The manganese ore consists of psilomelane with smaller quantities 
of hausmannite, braunite, and wad and occurs disseminated through 
the gravel bed as fine particles and boulders, the largest of which 
so far found weighed 1,000 poimds. Thin coatings of manganese 
oxide have stained the chert fragments and pebbles, and some pieces 
of iron oxide are found in the gravel bed. The larger masses of ore 
were hand sorted and shipped, whereas the fine particles were left in 
the ore-bearing material on the dumps. It is said that a wagon load 
(about 3,000 pounds) of this discarded material was washed and 
from it 300 or 400 pounds of concentrates was obtained. 

A number of pits 3 feet or less deep, which have been dug on the 
slope 300 or 400 feet northeast of the deposit described above, have 
yielded fragments of manganese ore. The ore at this locality is in 
surficial material composed of sand and chert fragments that lie 
upon the St. Peter sandstone. 

A knob capped with chert fragments and pebbles is one-eighth of 
a mile east of the above-described terrace deposit dnd at the same 
elevation. A shaft was sunk to a depth of 39 feet into the material 
capping this knob, but only stains of manganese oxides that occur on 
the chert fragments and pebbles were found. 

TOSH HIUEi PROSPECT. 

The Tosh Hill prospect, which is owned by William Einstein, is 
on the west end of Tosh Hill, in the SE. i sec. 12, T. 14 N., R. 8 W., 
2i miles west of Cushman. Very little work has been done at this 
locality. Part of it was done about 30 years ago, and part of it 
within the last two or three years by the Marqua Mining Co. 

Shallow pits and cuts penetrate red and brown clays that overlie 
the Fernvale, Kimmswick, and Plattin limestones, of which there 
are many exposures, and some of the openings pass through a sur- 
ficial covering of chert dfibris before they reach the clays. The man- 
ganese ore consists of psilomelane and possibly braunite and occurs 
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in these clays as irregular masses, ranging in size from fine particles 
to boulders. Some iron oxide is associated with the manganese and 
is either intimately mixed with it in the same masses or occurs as 
separate masses. 

FRAZIER FROSFEOT. 

The Frazier prospect, which is on land owned by I. Frazier, con- 
sists of four or five small pits on the southwest slope of a small hill 
2 miles west by south of Cushman. The prospecting was done in 
1917 by Mr. Frazier, and only a few tons of manganese ore was 
hauled to Cushman, where it was sold. 

The hill is capped by a few feet of loose chert fragments, below 
which the following section was revealed on the surface and in the 
pits: 

Section at the Frazier prospect, 

Cason shale: Feet. 

Ledge of yeUow sandstone which is overlain by the 
chert that caps the hill; contains smaU pockets of 
brown and red iron oxides that have apparently re- 
placed the sandstone; the lower 1 foot is phosphatic 

and contains ferruginous manganese oxide 4-5 

Platy green shale whose base is conglomeratic; at its 
base there is a bed a foot or more thick of red and 

brown iron oxides and manganese oxides 5-f- 

Femvale limestone : 

Gray limestone whose relations to the bed of iron and 
manganese oxides above are not revealed 5-6 

The manganese and iron oxides that have been removed from the 
pits are from the bed of these oxides at the base of the Cason shale 
and from clays that fill shallow channels in the Femvale limestone. 
They are intermixed, and the iron oxides are as abundant as the 
manganese oxides, but they can be partly freed from one another by 
hand picking. 

HIOHTOWEK PROSPECT. 

The Hightower prospect is on the W. M. Hightower tract, in the 
NE. i NW. i sec. 18, T. 14 N., R. 7 W., If miles west by south of 
Cushman. A few pits as much as 8 feet deep have been dug near the 
wagon road that crosses this tract. The pits and the cistern 12 feet 
deep at Mr. Hightower's house have penetrated red and brown clays 
ill which irregular fragments of manganese oxide mixed with some 
iron oxide have been found. These clays and the manganese and iron 
oxides are residual from the decomposition of the Fernvale limestone, 
and they are partly concealed by masses of phosphatic sandstone 
derived from the Cason shale and by ledges of the Boone chert that 
have settled below their original positions while solution channels 
were being formed in the Femvale limestone. There are no ex- 
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posures of this limestone near the pits, and none were observed in the 
vicinity except at places one- fourth of a mile west of the wagon road. 
. The manganese ore that has been mined is in irregular masses 
ranging in size from fine particles to boulders weighing 200 pounds, 
and as a rule it can be freed by hand picking from the iron oxide. 
The only reported production from this prospect is 5 or 6 tons that 
was mined and marketed in 1916. 

r. M. BARNES PROSPECT. 

The F. M. Barnes prospect is on the F. M. Barnes tract, in the 
SE. i NE. i sec. 14 and the S. i NW. i sec. 13, T. 14 N., R. 8 W., on 
the southeast side of East Lafferty Creek, 3 miles west-southwest of 
Cushman. Work has been done here by Mr. Barnes, beginning in 
1917, and a small quantity of manganese ore has been shipped. Since 
the time of visit (April 10, 1918) the tract has been purchased by E. 
Fleming L'Engle and D. E. Woodbridge. 

The workings, which are a few shallow cuts and pits, have been 
made on the outcrop of the Cason shale and in a thin mantle of 
chocolate-colored clay overlying the upper part of the Fernvale lime- 
stone, of which there are many exposed ledges. Some are on a steep 
hill slope in a small hollow, and the rest are on the southwest point 
of a hill that is east of the mouth of the hollow. Iron oxide, ferru- 
ginous manganese oxide, and manganese oxides occur as a 19-inch 
ledge and as thin lenses in the Cason shale ; also as irregular fragments 
in the chocolate-colored clay. The first two oxides predominate in 
the shale, whereas the manganese oxides, which include both hard and 
soft oxides, are most abundant in the clay. One sample collected from 
the ledge of ferruginous manganese oxide is reported to have con- 
tained 16 per cent of manganese, and another sample from it is re- 
ported to have contained 19 per cent of manganese. This ledge is 
well exposed in one cut, where the following section was made, but 
its presence or absence at other localities has not been determined by 
prospecting. 

Section in cut at F. M. Barnes prospect, 

St. Clair Umestone: Ft. in. 

Gray fossiUferous limestone 4-h 

Cason shale: 

Massive and thin-bedded ferruginous sandstone 7-8 

Sandy and shaly ferruginous manganese oxide 1 7 

Green phosphatic sandstone 8 

Platy gray yhale containing a few thin lenses of iron 

oxide 8 

Fernvale limestone: 

Rusty limestone separated from the Cason shale by a 
foot or more of chocolate-colored clay, which is a 
residue from the decomposition of this limestone. 
The top of the limestone is irregular. 



Digitized by VjOOQIC 



IKDBPBNDENOE COUNTY. 221 

W. O. C5C»LLIB MINS. 

The W. 0. Collie mine is 3^ miles west-southwest of Cushman 
and consists of two groups of openings on the W. C. Collie tract, 
which embraces the NW. i NW. J sec. 13 and the NE. J NE. i sec. 14, 
T. 14 N., E. 8 W. One of these groups is on the southeast side of 
East Lafferty Creek, and the other is on the northwest side of the 
creek. The mine has been operated by W. C. Collie, the owner, be- 
ginning in 1917, and the production before the time of visit (April 
10, 1918) was 130 tons of manganese ore, which is reported to have 
averaged 38 per cent of manganese. One carload of ore taken from 
the west side of the creek is said to have contained 45 per cent of 
manganese. 

The workings on the southeast side of the creek are shallow cuts 
and pits, which are scattered here and there through an east-west 
distance of 100 yards on a steep north hill slope. They are in choco- 
late-colored clay, which overlies the upper part of the Fernvale lime- 
stone and extends down into it in channels and pockets as much as 
15 feet deep. This clay contains chert fragments in its surficial part 
and also contains irregular masses of p&ilomelane, which range in 
size from minute particles to boulders weighing 100 pounds. Only 
the larger masses are removed from the clay. The smaller pieces 
make up more than half of the clay found on some of the dumps, but 
the steepness of the slope and the presence of many outcrops of the 
Fernvale limestone, both on the slope and in the workings, indicate 
that the ore-bearing clay is not in great quantity. 

The workings on the west side of the creek are on the steep east 
slope and the crest of a southward-trending ridge. They consist of 
shallow cuts and pits and a few shafts, the deepest of which is 32 feet 
deep. The highest of the openings are 300 feet above the creek. 
They pass through a surficial covering of chert debris and then pene- 
trate a reddish-brown clay, in which the manganese ore is found. 
This clay varies from a minimiun thickness of a few inches to a 
reported thickness of 32 feet. It overlies the Fernvale, Kimmswick, 
and Plattin limestones, exposures of which are numerous on the east 
slope but few on the crest. Although the chert debris is found every- 
where on the surface it is thickest on the crest of the ridge. ' The 
manganese ore occurs as fine particles and as boulders, some weigh- 
ing as much as 1,800 pounds. The larger masses are removed from 
the clay by hand picking, the smaller ones, which form a considerable 
part of some of the clay, being left. 
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GEORGE MINE. 

The Greorge mine was not visited by the present writer but -was 
described as follows by Penrose :•• 

The George tract is in 14 N., 8 W., sec. 11, tile SW. i NB. h the W. 1 SEl. i, 
and the NE. i SE. I. It belongs to the Keystone Bfanganese & Iron Co. and 
is situated less than a mile above the confluence of the two main branches 
of Lafferty Creek. A few small pits have been sunk on the top of a tiiU 
and show the presence of manganese ore associated with red (day. A hundred 
and ninety-three tons of ore are said to have been taken from this property. 

The day deposit is covered by from 10 to 40 feet or even more of chert 
Numerous masses of St. Clair [Fernvale] limestone are associated with the 
ore, and the main body of the limestone is exposed on the hillsides in the 
vicinity. The amount of decomposition of that bed is thus shown to have 
beoi comparatively small, and the deposits of ore-bearing clay, at least in the 
part of the property where work has been done, will generally be found to 
be limited in depth as well as in lateral extent. 

The property was worked in a small way in 1916 and 1917 by 
W. H. Denison and J. F. Barksdale, who mined and shipped 25 
tons of manganese ore. A news item of October 19, 1918, says:*^ 
^^ Logan Bives and associates have installed a steam shovel and are 
securing a good production of high-grade nugget ore." 

S. W. WEAVER MINE. 

The S. W. Weaver mine is on a steep north hill slope on the 
southeast side of East Laflferty Creek in the SW. } NE. J sec. 14, 
g. ^ T. 14 N., R. 8 W., 3i miles 

_£f^^3ce west-southwest of Cushman. 

It was operated in 1917 by 
T. F. Shell, who mined and 
shipped one car of manga- 
nese ore, and it was being op- 
erated at the time of visit 
(April 10, 1918) by Dr. S. W. 
Weaver, the owner, but since 
then it has been sold to E. 
Fleming L'Engle and D. E. 
Woodbridge, who have oper- 
ated it. The workings, which 
are cuts and short tunnels, 




FiouKS 23. — Sketch sectioii showing occurrence 
of iron and manganese oxides at the S. W. 
Weaver mine, a. Clay and chert fragments ; 
I), iron and manganese oxides in Cason shale ; 
c, red iron oxide; d, iron and manganese have been dug for the mOSt 

rn^ai^it^;; '" '"*' """^°'"'' ' part in the manganese-bear- 

ing residual clays of the 
Fernvale limestone, and they are all near the top of the Fern- 
vale limestone. The clay contains chert fragments at and near 

» Penrose, R. A. F., jr., Manganese— ita uses, ores, and deposits : Arkansas Oeol. Surrey 
Ann. Rept for 1890, vol. 1, pp. 278-279, 1891. 
a Bng. and Min. Jour., Oct. 19, 1918. 



Digitized by VjOOQIC 



INDBPENDENOE COUNTY. 223 

the surface ; it is in places overlain by cherty clays ihat have been 
derived from the weathering of the St. Clair limestone and the 
Boone chert; and it does not have a uniform thickness, as the top 
of the Fernvale limestone, upon which it rests, has been channeled 
by solution. Manganese ore together with much iron ore occurs 
as irregular masses in the clay or as a layer a few inches thick 
between the Cason shale and the Fernvale limestone. The man- 
ganese and iron ores are in places intimately mixed, but they can 
be separated fairly well. The marketed ore is said to have averaged 
about 40 per cent of manganese. Manganese oxide occurs not only 
in the residual clay of the Fernvale but a small quantity of it has 
blackened some of the residual clay of the St. Clair limestone. The 
accompanying sketch section (fig. 23) of the face of the cut at the 
portal of one of the tunnels illustrates the relations of the iron and 
manganese ores to the clays and rock formations. 

MARTIN NO. 1 MINE. 

The Martin No. 1 mine is in the SW. i sec. 14, T. 14 N., R. 8 W., 
on the southeast side of East Lafferty Creek, 4 miles west-southwest 
of Cushman and 1 J miles southeast of Penters Bluff station. It has 
been operated at times by J. R. Martin, the owner, beginning in 
August, 1917, and the production before June, 1918, was 200 tons of 
manganese ore, carload lots of which contained an average of about 
38 per cent of manganese. 

The workings, which are pits and tunnels 30 feet or less in length, 
are distributed through a distance of 400 to 600 feet, along the base 
of a northwest hill slope, on the southeast side of East Lafferty 
Creek. Near the opening farthest southwest the following section, 
showing the position of the manganese ore bed, was measured in a 
low bluff that rises from near the edge of the creek. 

Section of hluff at Martin No. 1 mine. 

St. Clair Uinestone: Feet. 
Massive pinkish-gray or bluish-gray, compact to granu- 
lar, fossiliferous limestone to top of bluff 12 

Oason shale: 

Sandy shale that has been largely replaced by man- 
ganese, iron, and ferruginous manganese oxides li 

Fernvale limestone: 

Rusty and gray limestone, the outcrop of which is a 
few feet above East Lafferty Creek. 

Although the Cason shale is exposed in the bluff it has been af- 
fected by weathering so that it has been largely replaced by the 
oxides noted in the section, but these oxides probably do not extend 
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into the bluff more than a few feet from its face. Northeastward 
the Cason shale gradually rises higher above the creek lerel. Neither 
it nor the limestones between which it occurs are ei^osed for a few 
hundred feet northeast of the bluff; they are concealed by their 
residual clays and by chert debris that has rolled down the slope 
from the ledges of Boone chert. The openings, however, indicate 
that the beds gradually rise higher above the level of the creek in 
this direction. These openings penetrate brown clay 2 to 8 feet thick 
that overlies the uneven surface of the Femvale limestone, from 
which most of the clay is residual. The masses of psilomelane 
range in size from fine particles to boulders weighing 500 pounds and 
are irregularly distributed through the clay, but only the larger 
ones are hand sorted from the clay that is mined. 

MARTIN NO. 2 MINE. 

The Martin No. 2 mine is in the NW. i sec. 14, T. 14 N., K. 8 W.^ 
on the southeast side of East Lafferty Creek, 4 miles west-southwest 
of Cushman. It is northeast of the Martin No. 1 mine and is sepa- 
rated from it by an alluvial cone located at the mouth of a nortii- 
westward-trending hollow. It is on land of which the mineral right 
is owned by the Arkansas Fertilizer Co. and the agricultural right 
is owned by J. E. Martin. W. H. Denison, the operator at the time 
of visit, began work in 1917, and before June, 1918, had mined and 
shipped five cars of manganese ore, which averaged about 40 i>er cent 
of manganese. 

The workings, which are shallow pits and tunnels 60 feet or less 
in length, extend along the west and northwest hill slopes for one- 
fourth of a mile. The chocolate-colored manganese-bearing clay is 
said to range in thickness from 2 to 12 feet; it overlies the uneven 
surface of the Fernvale limestone, of which there are many exposures 
on the hill slopes ; and it is overlain by a cherty loam usually a few 
feet thick and by massive blocks of the St. Clair limestone whicli 
have broken loose from the parent ledge and settled down the slopes. 
The pit farthest southwest reveals 3 feet of the lower part of the 
Cason shale, which is much weathered. This part of the shale is 
composed of red shale and a green platy earth in which there occur 
irregular masses of iron and manganese oxides, a few '^ buttons " of 
iron oxide, and a layer of manganese oxide a few inches thick. 

The ore that is being mined consists of irregular masses of psilome- 
lane ranging in size from about 1 inch in their longest diameter to 
boulders weighing 500 pounds. 
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EXtt. AMOTION 




BUTTON PR08PBCJT. 

The Button prospect, described by Penrose ^^ under the heading 
'**A. G. Pitman tract," is just northwest of the site of the old village 
of Phosphate and is on a hill on the west side of East Lafferty Creek, 
in the N. i sec. 14, T. 14 N., R. 8 W., IJ miles east-southeast of Penters 
Bluff station. It 
is owned by the 
Arkansas Fertili- 
zer Co. and at the 
time of visit (May 
3, 1918) had been 
leased to R. S. 
Handford and 
J. C. Shepherd. 

The workings, 
some of which are 
shown on the ac- 
<5ompanying map 
(fig. 24), consist 
of several very 
shallow pits from 
which a small 
quantity of man- 
ganese ore had been mined. The Cason shale and a red clay that 
overlies the weathered edges of the Femvale limestone on the steep 
l}ill slopes contain the manganese ore. The Cason shale underlies an 
area of about an acre on the south point of the hill. As represented 

on the accom- 
panying map and 
section (figs. 24 
and 25), it oc- 
curs between the 
Fernvale and St. 
Clair limestones, 
and both it and 
these limestones 
dip 10° to 12° to 
the south. The 
shale, however, 
thins out to the north, permitting the St. Clair limestone in places 
to rest upon the Femvale limestone. The Cason shale was not 
seen in plaee at the time of vifeit, but prospecting since then has 
shown that it ranges from 2 to 4 feet thick on the south point of 

^ Pennoae. ». A. F^ Jr., op. dt, pp. 257-258. 



Figure 24. — Sketch map of the Button prospect. Elevations 
are alwve sea level and were determined by an aneroid 
barometer. A-B, Line of section in figure 25. 




Horizontal scale 

100 200 aOOFEET 



FiouBB 25. — Section at the Button prospect along line A^B in 
figure 24. a, St. Clair limestone ; 6, Cason sbale ; c, Fernvale 
limestone ; d, Kimmswick limestone ; e, Plattin limestone. 
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the hill. It is a red platy, soft though firm shale, through which 
many " buttons " of ferruginous manganese oxide are disseminated. 
A small portion of the shale has been replaced by manganese oxide, 
as shown by the fact that masses of such oxides weighing a few 
pounds show the form of the original " buttons." The tSt. Clair lime- 
stone is a massive pinkish-gray fossiliferous limestone and is 10 to 
12 feet thick, but its lowest bed, 3 feet thick, is a red platy earthy 
limestone that contains many " buttons " of ferruginous manganese 
oxide like those in the Cason shale. The hill on which the deposit 
occurs is a terrace-like bench and is capped by massive blocks of 
sandstone and chert. The south slope of the higher hill farther north 
is covered with pebbles, boulders, and small fragments of chert. 

The red ore-bearing clay contains chert fragments, it varies in 
thickness from a few inches to a few feet, it has been found in pits 
on the slope east of the terrace-like bench, and it occurs at the 
surface over the entire south and southeast slopes below the dutcrop 
of the Cason shale. There are, however, many and large exposures 
of the Fernvale limestone. The manganese ore in the clay consists 
in part of irregular masses composed of psilomelane, braunite, and 
ferruginous manganese oxide but is made up chiefly of manganese 
and ferruginous manganese "buttons" or their minute fragments. 
Most of the manganese "buttons" are psilomelane; the rest are 
psilomelane that contains minute crystals of braunite. All the 
" buttons " in this clay are obviously derived from the Cason shale. 
The absence of " buttons " of psilomelane in any part of the Cason 
shale along its outcrop and their abundance in the clay on the slope 
to the south suggest that they have been derived from a bed of 
psilomelane " button "-bearing shale that has been eroded. 

The following analyses, supplied by Mr. Handford, represent the 
composition of the Cason shale and the manganese "buttons" in 
it and in the clay on the slopes : 

Analyses of manganese ore from the Phosphate prospect. 





1 


2 


3 


4 


5 


6 


7 


Manganese (Mn) 


51.44 


47.44 


31.28 


14.01 
26.44 
.738 


25.10 
21.92 


23.82 


400 


Iron(Fe) 




Phosphorus (P) 


.166 
10.73 


"i6*4i* 


i.676 
12.86 


.723 




Silica (SiO 2).. 










1 



1-5, Crowell & Murray, analysts; 6, E. J. Ericson, analvst. 

1, "Buttons" from clay on slope; they were picked from those that did not pass through a half-inch 
screen. 2, " Buttons" from clay on slope that did not pass through a half-inch screen; material for analysis 
not picked. 3-5, Samples were composed of pieces of ore that passed through a half-inch screen. 6, "But- 
tons" from the Cason shale. 7, Cason shale. 

After the time of visit a small washing plant was erected and oper- 
ated by Handford & Shepherd. 
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The Eombroiigh mine, which is owned by the Arkansas Fertilizer 
Co., is in a narrow valley, 4 miles west-southwest of Cushman. It 
was operated in 1917 by W. H. Denison, the lessee, who mined and 
shipped 3 cars — ^about 80 tons — of ferruginous manganese ore con- 
taining between 30 and 35 per cent of manganese. The workings are 
pits 14 feet or less deep, which have been dug in brown ore-bearing 
clay within a distance of one-fourth of a mile along the north side 
of the valley. This day does not have a uniform thickness, as it 
rests upon the irregular surface of the Femvale limestone, and it is 
concealed by chert d^ris. It has been followed for a short distance 
into the hills beneath the Cason shale, but it will not continue far, 
as it is simply a residue from the weathering of the above-named 
limestone. 

The ferruginous manganese ore that has been mined and shipped 
was found as irregular masses scattered through the clay, and it 
was separated from the clay by hand picking. Mining is said to have 
been stopped, as the manganese content of the ore was becoming too 
low to yield a profit. 

m'bride mins. 

The McBride mine, owned by H. U. McBride, is in the north part 
of the NW. i sec. 27, T. 14 N., R. 8 W., and consists of a number of 
openings extending for one-fourth of a mile on either side of a hollow 
that is drained by a wet-weather stream flowing west past Walls 
Ferry station. The openings farthest west are one-fourth of a mile 
east of this station. The mine has been operated on a small scale by 
E. S. Handford, beginning in 1917, and the production before June, 
1918, was 125 tons of manganese ore averaging 41 per cent of 
manganese. 

The openings are shallow pits, shafts 22 feet or less in depth, and 
drifts 15 feet or less in length, in the bottom of the hollow and 
at the base of the hill slopes, which are covered with chert debris to 
a depth of several feet. This chert has rolled or has been washed 
down the slopes from the Penters and Boone cherts exposed higher 
on the slopes. Although no limestone is exposed in this hollow, 
ledges of the Fernvale limestone and boulders of the St. Clair lime- 
stone in or near place were found in some of the openings. Red, 
yellow, and brown clays a few feet thick, which are overlain by the 
chert dfibris mentioned above, rest upon the channeled surface of the 
Femvale limestone. The manganese ore occurs in these clays as 
irregular masses, ranging from fine particles to boulders weighing 
2 tons, and is found at various elevations from the bottoms of the 
shafts 22 feet deep in the hollow up to the St. Clair limestone, which 
is 15 feet above the base of the hiU slopes. It is associated with small 
quantities of iron oxide, and although the hard oxides psilomelane 
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and braunite are present, most of the ore is a soft though firm oxide, 
which is probably wad. The ore is residual from the weathering of 
the Fernvale limestone, and some of it still retains calcite crystals. 

HARVEY MINE. 

The Harvey mine, which is owned by J. B. Harvey and operated 
by R. S. Handford, lessee, is on the north edge of the NW. i NW. i 
sec. 15, T. 14 N., R. 8 W., and is on a north hill slope just east of 
Penters Bluff station. Mining was begun here in the fall of 1917, 
and 3 carloads of manganese ore, amounting to 84 tojos, had been 
mined and shipped before the end of June, 1918. The total produc- 
tion for 1918 is reported to have been about 6 carloads. 

The openings are shallow pits and cuts that have been made here 
and there along the north hill slope in a distance of two-tenths of 
a mile from Penters Bluff station eastward. They were made in a 
brown ore-bearing clay, of which the surficial portion, 1 to 6 feet 
thick, contains chert fragments that have rolled down the slope from 
the cherty beds exposed higher on the hill. This clay is residual from 
the Fernvale limestone, which is exposed on the north slope near the 
station and has been reached in a few of the openings. The St. Clair 
limestone, 6 feet thick, is exposed above the openings, and at one 
place it is separated from the Fernvale limestone by 1 to 2 feet of 
clay, which is derived either from a thin bed of Cason shale or from 
limestone at the top of the Fernvale. 

Manganese ore was found in all the openings but in least quantity 
in those farthest west. It consists of the manganese oxides psilome- 
lane, hausmannite, and possibly braunite and a nearly equal quantity 
of ferruginous manganese oxide, and most of it occurs in the clay 
mentioned above, but some is found in the top of the Fernvale lime- 
stone. The ore in the clay consists of irregular compact and at some 
places shaly masses ranging in size from fine particles to boulders 
that weigh as much as 1,000 pounds. The ore in the limestone has 
replaced some of the limestone along cracks and bedding planes and 
makes up a large part of the rock mass. The parts of the limestone 
in which it is present are not pure but contain a fine to coarse-grained 
yellowish-brown manganese-bearing carbonate, of which an analysis 
follows : 

AntUysis of manifane%e-l>6aring carbonate frwn Fernvale Unieatone at the 

Harvey mine. 

[R. C, Wells, analyst] 

Manganese (Mn) 35.50 

Iron (Fe) . 6.54 

Smca (SiOg) 1.51 

Alumiiva (Al^Oj) 2.06 

lime (CaO) 1 10.60 

Magnesia (MgO) .96 
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The analysis was made from a sample that was partly oxidized, 
but the chief constituents appear to be manganese, iron, and calcium 
carbonates, which are probably chemically combined. This mixed 
carbonate has entirely replaced parts of the limestone, and it has been 
partly oxidized and replaced by the manganese and ferruginous 
manganese oxides mentioned above. (See PL X, D.) Some of the 
resulting rock has been quarried and shipped as a low-grade man- 
ganese ore. A few boulders of ore that were mined near the surface 
appeared to consist entirely of manganese and ferruginous man- 
ganese oxides, but when they were broken open they were found to 
contain cores of the unaltered carbonate. 

This deposit is one of the few deposits in the Batesville district 
that illustrate the origin of the manganese ore found in the residual 
clays of the Fernvale and lower limestones. The carbonate just 
described is presumably the form in which much if not all of the 
manganese ore that is derived from the upper part of the Fernvale 
limestone once occurred. Although it is probably present in the 
Fernvale limestone under all the hills of the region where this lime- 
stone has not been affected by weathering, it is not uniformly dis- 
tributed through the limestone but occurs in scattered pockets, some 
large and some small. The manganese oxides associated with the 
carbonate simply represent oxidized portions of it and they probably 
do not extend far below water level. Masses of them are finally 
freed from the limestone by the removal of the calcium carbonate 
and are thus left loose in the residual clay of the limestone. 

Of the first three carloads of ore that were shipped from this 
locality one contained 45 per cent of manganese and another 82.C7 
I>er cent of manganese. The analysis of the third car was not ob- 
tained by the writer. The following analyses of three samples from 
this mine were furnished by Mr. Handf ord : 

Analyses of mangtmese ore from the Harvey mine. 
[Crowell & Murray, analysts.] 



lianganeseCMn).. 

Iron(Fe) , 

Phosphonis(P).. 
Silica (SlOs) 



44.66 
7.83 



29.91 
15.76 



16.76 



40.58 

6.30 

.164 



Since the time of visit (1918) some prospecting in a sink hole on 
Mr. Harvey's land south of the above described mine led to the dis- 
covery -of a cave, of which the main cavern is approximately 200 feet 
long, 100 feet wide, and 60 feet high. Large boulders of ore are 
found not only in the clay in the bottom of the cave but also as a 

104669—22 ^16 
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blanket " vein," 8 to 14 feet thick, in the walls on both sides of the 
main cavern. Prospecting indicates that the ore will probably ex- 
tend the entire length of the cavern, but how far it extends into the 
limestone walls has not been determined. That the mouth of the cave 
had been open at one time and had been closed up with earth and 
stone from the top is said to be proved by the fact that bear tracks 
were still plainly visible in the moist clay of the floor.*** 

SOUTH HILL PROSPECT. 

The South Hill prospect, owned by the Martin Manganese & 
Mining Co., is at the north base of an eastward-trending hill slope 
in the SW. i SW. i sec. 10, T. 14 N., K. 8 W., one-fourth of a mile 
east of Penters Bluff. It adjoins the Harvey mine. A few pits were 
dug in March, 1918, by the Independence Mining Co., and only a 
few tons of soft low-grade manganese ore, which was recovered by 
hand picking, was shipped. The pits are only a few feet deep and 
are in debris consisting largely of chert fragments that have rolled 
down the slope from the chert ledges exposed higher on the hill. By 
going deeper it is expected that the residual clays of the Femvale 
limestone may be reached and a better grade of ore may thus be 
found. This limestone is exposed in the openings at the Harvey mine 
and on the slope farther west. 

V. N. DOBSON PROSPECT. 

The U. N. Dobson prospect is on the U. N. Dobson place, on the 
east side of West Lafferty Creek, and is on the north side of the first 
hollow south of Hankins Hollow, 1 mile east of Penters Bluff sta- 
tion. Work was done here in 1917 by Mr. Dobson, and a small 
quantity of manganese ore was removed from several shallow pits 
and cute and was shipped. These openings were dug through a sur- 
ficial covering of chert debris into pockete of ore-bearing clay that 
overlie the Femvale limestone. The steepness of the slope and the 
abundance of limestone exposures suggest that the quantity of ore- 
bearing clay is small. 

T. M. TATE MINE. 

The T. M. Tate mine consists of two groups of openings 1 mile 
northeast of Penters Bluff station. It has been operated by T. M. 
Tate, the owner, beginning in 1917, and the production before the 
time of visit (April 4, 1918) was 300 tons of lump manganese ore, 
which is reported to have averaged about 40 per cent of manganese. 

One group of pits is in the NE. i NW. i sec. 10, T. 14 N., B. 8 W., 
on the east point and southeast slope of a ridge that is on the west 

» Baxter Bulletin, vol. 18, No. 4, Mountain Home, Ark., Jan. 24, 1919. 
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side of West Lafferty Creek. The pits are only a few feet deep 
and are in a chocolate-colored clay that fills shallow depressions and 
channels in the Fernvale limestone, of which there are many ex- 
posures, both in the pits and on the slope. The manganese ore is 
found in the clay as porous irregular, and at some places shaly 
masses, of which the largest on the dump at the time of visit weighed 
about 50 pounds. It is composed mainly of psilomelane with some 
wad and braunile, and it may occur associated with ferruginous 
manganese ore either in the same or in separate masses. 

The second group of openings is in the NW. i NE. ^ sec. 10, T. 14 
N., R. 8 W., on the south point of a ridge that is on the east side of 
Lafferty Creek. The main opening is a north-south cut 100 feet 
long and 12 to 15 feet deep, and from it a drift and a shaft have 
been dug. These openings are for the most part in reddish-brown 
clay, which overlies the Fernvale limestone. Besides masses of 
psilomelane the clay contains fragments of porous chert that have 
been set free from this limestone by weathering, and it is overlain 
by a few feet of chert debris derived from the Boone chert, which 
caps the ridge. An exposure in the north end of the cut shows 
3 feet of sandy platy ferruginous weathered Cason shale resting on 
a ledge of brown limestone (Fernvale), in which there are small 
masses of manganese oxide. Both the psilomelane and the clay at 
this locality are residual from this limestone. 

HANKINS HOLLOW MINE. 

The Hankins Hollow mine consists of numerous openings in Han- 
kins Hollow, and on Hankins Hill southeast of it and is on land owned 
by J. J. Skelton in the NE. i NE. i sec. 10, the NW. J NW. i sec. 
11, the SW. i SW. i sec. 2, and the NW. i SW.J sec. 2, T. 14 N., 
R. 8 W. This hollow trends southwest, and its mouth is 1 mile north- 
east of Penters Bluff station. The openings extend up the hollow 
from its mouth for almost three-fourths of a mile to Hankins Hill. 
The area in which this hill is located was described by Penrose^* as 
the William Martin tract. 

This mine was operated 30 or more years ago, one of the operators 
at that time being the Missouri Furnace Co. It was next operated 
by Mr. Skelton, beginning in 1915, but since June, 1916, it has been 
operated by Mr. Skelton and R. S. Handford, who had mined 400 
tons or more of manganese ore before June, 1918. 

Several rock formations, which lie horizontal or nearly so, are ex- 
posed in this vicinity, and the manganese ore is found in clays and 
wash that is associated with four of them — ^the Plattin, Kimmswick, 

M Penroge, B. A. F., jr., Manganese — its uses, ares, and deposits : Arkansas Geol. Survey 
^nn. Bept. for 1890, vol. 1, pp. 280-281, 1891. 
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and Femvale limestones and the Cason shale. The Plattin limestone 
crops out in heavy ledges and boulders along the steep hill slopes 
on either side of the hollow to an elevation of about 150 feet above its 
mouth, and the Kimmswick limestone, 20 to 25 feet thick, also crops 
out in heavy ledges. Exposures of the Femvale limestone 116 feet 
thick are, however, not so abundant as those of the two limestones 
just named. At places its upper beds are brown from the presence 
of small quantities of manganese and iron oxides, and at places parts 
of them have been largely or entirely replaced by manganese oxide, 
which occurs in the limestone as irregular lenticular seams half an 
inch to 6 inches thick. The Cason shale, a few feet thick, is exposed 
in only a few of the openings. Elsewhere it is concealed by its 
residual clay, by massive blocks of the St. Clair limestone, and by 
chert debris from the Boone chert. 

Although the Plattin, Kimmswick, and Femvale limestones are 
exposed at many places they are overlain by greater or less quantities 
of red and chocolate-colored clays, whose surficial portions are mixed 
with chert fragments derived from the Boone chert. The clays are 
in greatest quantity on the parts of the slopes underlain by the Fem- 
vale limestone. They not only overlie this limestone but extend 
down into it in pockets and channels that have been formed through 
solution. Wash that is composed largely of chert fragments but 
partly of manganese ore has accumulated in the bottom of the hollow 
and in ravines leading into it. 

The openings, which are pits, short tunnels, and shafts, are in 
these clays and the chert wash. Most of them in Hankins Hollow 
are along its bottom and northwest side, and those on Hankins Hill 
are on its northwest slope. Some of the shafts are 35 feet deep, 
but most of the openings, which stop when rock ledges are en- 
countered, are only a few feet deep. 

The manganese ore occurs as irregular masses in the residual clays 
and wash that overlie the Plattin, Kimmswick, and Fernvale lime- 
stones. These masses consist mainly of psilomelane and hausmannite 
but partly of braunite, and they range in size from fine particles to 
boulders that weigh 1,800 pounds. Most of the ore is hard and com- 
pact, but much of it that is found in the clays overlying the Fern- 
vale limestone, as on Hankins fiill, is soft. During the mining, 
which has been done by pick and shovel, the larger masses of ore 
are hand sorted from the clay and chert fragments, whereas the fine 
ore is left on the dumps. No attempt has been made thus far to 
recover this fine ore from the clay by washing, but the concentrates 
thus recovered would be a ferruginous manganese ore, as there are 
numerous fine particles of red and brown oxides of iron. The man- 
ganese ore is residual from the Fernvale limestone, and as erosion 
has progressed its masses have settled down the slopes, but much of 
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it has been washed into the bottom of the hollow and into ravines 
on either side of the hollow. 

The analyses given below represent the composition of carload lots 
of manganese ore shipped from the mine. The first four analyses 
are of ore from Hankins Hollow and ^the last five are of ore from 
Hankins Hill. 

Analyses of manganese ore from the Hankins Hollow mine. 
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2 
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Mangftnew (Mn) 


£4.00 

7.22 

.22 

6.96 

1.70 


56.00 


56.68 
5.22 
.30 
3.43 
2.65 


66.81 


IronlB^) ......' 


8.01 


Phosphorus (P) 


.22 


.23 


fllHcft (SiO,) , 


5.05 


Moisture./. 


1.00 


2.64 
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6 


7 


8 
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MRTigftTieije (Mr) - - , - 


34.98 


40.40 


36.42 


41.82 


41.20 







SALT PETER HILL MINE. 

The Salt Peter Hill mine is on Salt Peter Hill, on the west side of 
East Lafferty Creek, 3 miles west by north of Cushman. It is on 
land owned by W. E. Barnes, and it has been operated by him begin- 
ning in 1916. The total production of manganese ore before the 
time of visit (April 9, 1918) was not determined, but it exceeded 
100 tons. 

The mine consists of several groups of openings. One of these 
is in the head of Salt Peter Hollow, which is south of Salt Peter 
Hill; it is composed of one shaft 20 feet deep, a second shaft 22 feet 
deep, and a pit, all within an area 50 feet square. These openings 
passed through surface dfibris consisting of chert and sandstone 
fragments and then- penetrated brown ore-bearing clay. The pres- 
ence of a few fragments of the Fernvale limestone on the dumps 
indicates that ledges of this limestone were encountered in the open- 
ings. The manganese ore, some of which is marked with casts of 
fossils, is porous psilomelane, and most of it is in irregular masses 
that can be separated from the clay by hand picking. Red specular 
hematite is associated with the manganese ore, but the quantity of 
it is small. 

A shaft 26 feet deep and a small cut are on the east slope of Salt 
Peter Hill near its crest. They are in a reddish-brown ore-bearing 
clay, which is concealed at the surface by chert debris and blocks of 
sandstone. The clay overlies the Fernvale limestone, which is ex- 
posed at a few places in the vicinity, but there was no evidence at 
the time of visit that this limestone had been found in the cut and 
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shaft. The manganese ore is associated with iron oxide, from which 
it can be separated by hand picking. 

Two cuts which are on the east slope of the hill below the shaft 
and cut described above have been dug in small pockets of red clay 
that overlie the Plattin limestone. Both iron and manganese oxides 
were found in the clay. 

On the south slope of the hill there are said to be other openings, 
which were not visited. 

Although the writer did not obtain any information regarding the 
quality of the ore that has been shipped, the ore observed by him 
at this locality is a ferruginous manganese ore. 

EDWARDS MINE. 

The Edwards mine is on the west side of East Lafferty Creek, 
3 miles west-northwest of Cushman, and is on the R. P. Edwards 
tract, which comprises the W. i SW. J sec. 1 and the SE. J SE. i sec. 
2, T. 14 N., E. 8 W. It has been operated by Mr. Edwards beginning 
in 1917, and two cars of manganese ore, containing about 48 per cent 
of manganese, had been shipped before the writer's visit (April 9, 
1918). 

The principal group of openings is on the south side of the hollow 
west of Mr. Edwards's house. It consists of pits and open cuts a 
few feet deep that have been made within an area of 2 or 3 acres, but 
the dark reddish-brown ore-bearing clay in which they have been dug 
apparently underlies several acres. The total thickness of the clay 
is not known, but the absence of limestone exposures suggests that it 
has a considerable thickness. Only a small quantity of chert frag- 
ments is mixed with its surficial portion. Both iron and manganese 
oxides occur in the clay, but the manganese oxide, which is psilome- 
lane, predominates. Only the larger masses of ore have been freed 
from the clay and shipped, whereas the smaller pieces, which are 
manganese oxides, have been left in the clay on the dumps, although 
they form a considerable part of it. 

A few very small pits are in red clay on the north side of the 
hollow in which the openings just described are situated, and a few 
are in similar clay on the east slope of Salt Peter Hill southwest of 
Mr. Edwards's house. The ore visible on the dumps consists of iron 
and ferruginous manganese oxides. 

ELLEN CLARK PROSPECT. 

The Ellen Clark prospect is in the N. i SE. i sec. 2, T. 14 N., 
B. 8 W., on a hill between West Laflferty and East Laflferty creeks, 
^ miles west by north of Cushman, and 2^ miles northeast of Penters 
Bluff station. It has been operated at times by R. S. Handford, 
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beginning in lOlB, who mined and shipped 30 tons or more of " lump 
ore " before June, 1918, but since then it has been operated by Logan 
Rives. Mr. Handford states that the ore — ^23 tons — ^which he mined 
in 1916 contained 52 per cent of manganese. 

The openings that were visited by the writer are shallow pits in 
red manganese-bearing clay, on a gentle south hill slope on which 
there are a few exposures of the Fernvale limestone near the pits. 
The total depth of the clay had not been tested, for none of the pits 
appear to have passed entirely through it to the underlying Fernvale 
limestone. The only ore observed at the time of visit (May 22, 1918) 
was small pieces of psilomelane scattered through the day on the 
dumps. 

CUTTER MIN£. 

The Cutter mine is on Gray Hill, in the E. i NE. i sec. 2, T. 
14 N., R. 8 W., on the divide between West Lafferty and East Lafferty 
creeks, 3^ miles west by north of Cushman. It had been operated 
by BiU Thurlo before the time of visit, but since then it has been 
operated by the Standard Manganese Co. This company erected a 
washing plant near East Laflferty Creek and operated it for a short 
time in 1918. 

The workings at the time of visit comprised several shafts 30 
feet or less in depth and shallow cuts scattered over a few acres 
near the crest of a hill at the head of Adler Hollow, which is drained 
to the northwest into West Lafferty Creek. (See PI. XIII, C.) 
They penetrate a chocolate-colored manganese-bearing clay, which 
at places reaches the surface but at others is overlain by a few feet 
of chert. The clay was not gone through at most openings, but 
in one pit it has been mined from around pinnacles of the Fernvale 
limestone. This limestone probably underlies all the clay at this 
locality. The manganese ore consists largely of psilomelane and 
hausmannite, which are more or less intermixed, and it occurs in 
irregular masses ranging in size from fine particles ("wash ore") 
to slabs and boulders ("lump ore"). Although most of it is found 
in the clay thin seams and fine particles occur in the limestone 
pinnacles in the pit mentioned above. "Lump ore" was apparently 
obtained from all the openings that were examined, but "wash ore" 
in fair quantity was found at only a few of them. 

IZABD COUNTY. 

ADLER HOLLOW MINE. 

The Adler Hollow mine is in Adler or Pugh Hollow east of West 
Lafferty Creek, 2J miles northeast of Penters Bluff station, and is on 
a tract of land owned by N. A. Adler that comprises the SE. J 
SW. i and the SW. i SE. i sec. 35, T. 15 N., R. 8 W. One shaft 86 
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feet de^ is said to have been sunk at this locality 25 years ago. The 
next work was done by J. F. Barksdale and W. H. Denison, begin- 
ning in 1917, who mined and shipped 275 tons of hand-sorted man- 
ganese ore before June, 1918. The Eyerton Mining & Development 
Co., of Anderson, Ark., leased the mine in August, 1918, and erected 
an experimental washing plant, which was operated for a short time 
in that year. The marketed production by this company in 1918 
was 16 tons. 

The recent workings, which include shallow cuts and shafts as 
much as 24 feet deep, have been dug in brown ore-bearing clay and 
cherty surficial loam hefre and there over an area of 20 acres on the 
hill slopes and in the bottom of the hollow, but thus far the total 
depth and areal extent of the clay have not been determined. Only 
a small number of openings passed entirely through the clay and 
reached the underlying limestones, which, as shown by the few ex- 
posures in the openings and on the surface, are the Plattin, Kimms- 
wick, and Fernvale limestones. 

The manganese ore consists of two grades. One of these, the low 
grade, is soft earthy wad, and the other, the high grade, is mainly 
hard, compact steel-blue psilomelane, but part is hausmannite and 
braunite. Only the high-grade ore occurs in the bed of the wet- 
weather stream in the bottom of the hollow, where it has been mined 
to a depth of 4 to 10 feet, whereas both grades occur on the slopes 
and may be found in a single opening. The high-grade ore occurs 
in irregular masses, the largest of which thus far (May 22, 1918) 
found weighed 3,468 pounds, but one cut that was examined has 
yielded nearly spherical masses as much as a foot in diameter. 
Some of the hard ore contains the casts of fossils. The ore at this 
locality is a residue from the decomposition of the Fernvale lime- 
stone, and that on the slopes has settled below the level it occupied 
in the limstone, whereas that in the bed of the stream has been 
washed from the hill slopes on either side. 

Of the above-mentioned production of 275 tons by Barksdale and 
Denison 75 tons was high-grade ore and the rest was low-grade. 
The manganese content of a carload of high-grade ore shipped 
to the Tennessee Coal, Iron & Railroad Co. was 50.16 per cent, and 
that of a carload of low-grade ore shipped to the American Steel 
Foundries was 32.50 per cent. 

IZARD MINE. 

The Izard mine, not visited by the writer, is on the hill south of 
the Adler Hollow mine and is on land owned by William Einstein. 
It was operated in October and September, 1917, by the Marqua 
Mining Co., which mined and shipped 8 carloads of manganese ore, 
containing 50 per cent of manganese. 
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PU6H MINE. 

The Pugh mine is on the Mike Pugh tract, in the SW. J SW. i sec. 
36, T. 15 N., R. 8 W., on the south side of Pugh or Adler Hollow, 
T^hich is on the east side of West Lafferty Creek, and 2J miles north- 
east of Penters Bluff station. It is said to have been operated by 
Tom Coxey 20 to 25 years ago. Beginning in 1917 it has been oper- 
ated at times by Mr, Pugh, who had mined and marketed 75 tons of 
" lump ore" before the time of visit (May 22, 1918). Later in 1918 
it was operated by the Anderson Manganese Co., though the produc- 
tion by this company was small. 

The workings consist of pits 8 feet or less deep that have been dug 
in brown clay and surficial cherty loam on a steep north hill slope 
just north of the Verna mine. The clay and surface loam overlie 
the Plattin limestone, of which there are exposures both on the sur- 
face and in the pits, but " gray rock," which is either the Fernvale 
or Kimmswick limestone, was found in the opening that is highest on 
the slope. One was not only taken from the pits, but it has been 
picked up also on the surface and in gullies. Most of it is psilome- 
lane, but a part is hausmannite, the two being intermixed, and it oc- 
curs both as fine particles and as large masses that can be hand sorted 
from the clay. 

VERNA MINE. 

The Verna mine, which is owned by J. J. Skelton and operated by 
Mr. Skelton and R. S. Handford, is in the NW. i NW. J sec. 2, T. 
14 N., R. 8 W., on the west point of a hill, 2i miles northeast of 
Platers Bluff station. It was first operated in 1917, and before the 
time of visit (May 4, 1918) 76 tons of lump manganese ore had been 
mined and shipped. 

The openings are pits and cuts 10 feet or less deep, scattered here 
and there over about an acre on the west point of the hill, and they 
are between 200 and 300 feet above West Lafferty Creek, which flows 
past the west base of the hill. They are in a chocolate-colored clay, 
which contains chert fragments and masses of manganese oxide and 
which is overlain by a very thin covering of chert debris. The clay is 
residual from the Fernvale limestone, exposures of which occur on 
the surface and in the openings, and it fills channels in this lime- 
stone. These channels represent joints in the limestone that have 
been widened by solution, and they range from a few feet to 15 feet 
or more wide. The manganese ore that is mined is in irregular 
masses scattered through the clay and is composed of hard oxides of 
manganese, including psilomelane and braunite. Some masses of 
braunite contain calcite crystals, and manganese oxide coats many of 
the chert fragments. The manganese minerals are not only scattered 
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through the clay, but veinlets and lenses of them a few inches thick 
are found in the Fernvale limestone at some places. 

The manganese ore, at this mine contains more manganese dioxide 
than is usually found in the ores in the BatesviUe district. As this 
fact was suspected during the mining, the ore was held at the mine 
until results of an analysis to determine whether or not it was suit- 
able for chemical purposes could be learned. A sample to be an- 
alyzed was carefully selected from a 60-ton pile and sent by Mr. 
Handford to the Manhattan Electrical Supply Co., which reported 
that the ore contained 79 per cent of manganese dioxide but that it 
contained too much copper for the company's use. After the report 
of the analysis was received the ore was sold for metallurgical 
purposes. 

The following analysis was made of a carload lot of manganese 
ore shipped from this mine : 

Analy8i8 of manganese ore from the Vema mine. 

Manganese (Mn) 52.64 

Iron (Fe) 4. 48 

Phosphorus (P) .28 

SlUca (SiOa) 6.59 

Moisture 8. 63 

SKEIiTON HIIiL MINE. 

The Skelton Hill mine is on land owned by J. J. Skelton, in the 
SW. i NW. i sec. 2, T. 14 N., R. 8 W., 2 miles northeast of Penters 
Bluflf station. It has been operated by Mr. Skelton and R. S. 'Hand- 
ford since 1917, and 100 tons of lump manganese ore had been 
mined and shipped before the writer's Tisit (May 4, 1918). 

The openings, which are pits and shafts, are scattered over an area 
of three or four acres on a gentle hill slope, just northwest of a 
saddle between the crests of two hilte. The highest opening is 350 
feet above West Lafferty Creek, which is west of it. All the openings 
passed through a surficial covering consisting mainly of loose chert 
fragments, and then penetrated reddish-brown manganese-bearing 
clay, and some of them were continued downward in the clay until 
ledges of the Fernvale limestone were encountered. Both the clay 
and the ore were once constituents of the limestone and have been 
set free from it by weathering. 

As there were only a few exposures of the Fernvale limestone at 
this locality it appears that this limestone has undergone deep 
weathering, thereby affording thick deposits of clay. The deepest 
shaft, 80 feet deep, is said to have passed through 6 to 8 feet of the 
surficial chert covering, then 70 to 75 feet of clay containing ore be- 
fore it ended in a clay-filled pothole-like depression in the limestone. 
The chert on the slope and in the saddle represents the much broken- 
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Tip beds of the^Bbotie chert, which have settled from a position that 
was nearly level with the crests of the near-by hills, where the chert 
is in place. 

The manganese ore occurs as fine particles and larger masses reach- 
ing the size of boulders, of which the largest thus far found weighed 
4 tons. Most of the masses are irregular, but a few are botryoidal. 
They consist of psilomelane, but pyrolusite in minute quantities was 
observed in a few specimens. The following analyses represent the 
composition of three carloads of manganese ore shipped from the 
Skelton Hill mine : 

Analyses of manganese ore from the Skelton Hill mine. 



Manganese (Kn) 

Iron(Fe) 

Fliosphoras (P). 

Silica (SiOt) 

Moisture 



4».S0 
7.17 
.11 
3.99 
5.42 



2 
60.97 



4.77 



54.36 

8.90 

.18 

8.40 



GLBVEIiAND MANGANESE MINING CO.'s PROSPECT. 

There is a prospect on land belonging to the Cleveland Manganese 
Mining Co., in the southern part of sec. 2, T. 14 N., R. 8 W., near the 
head of Hankins Hollow, but it was not visited by the writer. W. H. 
Denison did work at this locality from April, 1916, to December, 
1917, and mined 30 tons of manganese ore, 

PITTMAN MINES. 

The Pittman mines, which are on land owned by Mrs. Sallie Pitt- 
man, are in sec. 3, T. 14 N., R. 8 W., and are from IJ to 2 miles 
northeast of Penters Bluff station. They include several mines on 
the east side of West Lafferty Creek and one mine on the west side 
of this stream. 

The mines on the east side of the creek are in the NE. J SE. J 
and the SE. ^ SE. ^ sec. 3 and are on the slopes on both sides of a 
north-northeastward-trending ridge. The Keystone Manganese & 
Iron Co. mined and shipped ore from this part of the property 30 
years or more ago. R. S. Handford, one of the next operators, 
began work in 1916, and before May, 1918, he and other operators 
had mined and shipped 380 tons or more of " lump " manganese ore 
from the openings on the east side of the creek. 

A large number of pits, cuts, and shafts, the deepest of which are 
20 feet deep, are in a saddle in the above-mentioned ridge and on 
its gentle north slope, the highest being about 300 feet above West 
Lafferty Creek. The openings pass through a few feet of cherty 
loam and then into reddish-brown manganese-bearing clay. This 
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clay occurs in pockets and channels in the Femvale' limestone, part 
of which at this locality is rusty^ and which is exposed at a few 
places on the surface and in some of the openings. One shaft 20 
feet deep that is in the clay goes down part of its depth next to 
ledges of the Femvale limestone. Irregular masses of manganese 
ore and some of iron are found in the clay ; these are separated by 
hand picking. The manganese ore is psilomelane and wad, ijaa^inly 
the former, and is a fair grade of ore, but much of it is porous and 
some of it is siliceous. The siliceous ore consists of blocks of sand- 
stone from the Cason shale that have been only partly replaced by 
manganese oxide. Forty tons of ore have b^en mined and shipped 
from this group of openings. 

A cut and a number of small pits, known locally as the Hinkle 
mine, are on the west slope of the ridge a few hundred feet southwest 
of the openings described above. The pits have been made in day- 
filled channels and pockets in the Fernvale limestone and the cut, 
which is 75 feet long north and south, has been made along the out- 
crop of the Cason shale and the topmost beds of the Fernvale lime- 
stone. The following section was made at this locality : 

Section in cut at Hinkle mine. 

St. Glair limestone: Ft. in. 

Ledge of bluish-gray fine-grained to pinkish-gray 
coarse-grained fossUiferous limestone; contains 
dendrites, " buttons, " and thin seams of manganifer- 
ous iron oxide in base 6 

Black clay that has apparently been derived from the 

overlying bed of limestone by weathering 3-12 

Cason shale: 

Red shaly clay and hard shale; contains smaU 
quantity of soft manganese oxide and a few "but- 
tons " of red iron oxide 1 

Clay with shaly iron oxide and " buttons ** of iron 

oxide .. 1 

Femvale limestone: 

Brown ledge of carbonate rock resembling the carbo- 
nate rock at the Harvey mine described on page 228 ; 
it probably contains carbonates of manganese, iron, 
and calcium but is partly changed to iron and 
manganese oxides. Several boulders of this rock 
are on the dump. Gray limestone that is typical 
of the Fernvale is exposed lower in the cut 1 6 

The manganese ore mined at the Hinkle mine consisted of ir- 
regular masses of manganese oxides in the clay in the anall pits 
and in the cut and of masses of these oxides that were blasted from 
the ledges at the top of the Fernvale limestone. As the ore was fol- 
lowed into the hillside the proportion of the manganese oxides to the 
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unoxidizsed carbonate in the rock decreased and mining was dis- 
<x>ntinued. It is said that 200 tons of manganese ore was mined at 
this locality. 

A number of cuts have been made on the south slope on the op- 
posite side of the hill, east of the Hinkle mine. The cuts, which 
were badly caved at the time of visit (May 4, 1918), are in a choco- 
late-colored manganese-bearing clay and have followed it around 
massive blocks of the St. Clair limestone that have settled from the 
outcrop of this limestone above. Although there are no exposures 
of the Cason shale and none of the Fernvale limestone except below 
th« cuts, the clay is probably residual from these two formations. 
All the larger masses of ore had been separated from the clay by 
hand picking before the time of visit and hauled away, leaving only 
the finer particles an inch or less in their longest diameter. The ore 
left in the clay is a ferruginous manganese ore, and the minerals 
that are represented in it include psilomelane, hausmannite, braunite, 
wad, and iron oxide. The production of this group of openings is 
said to have been 140 tons of manganese ore. 

A large cut that was made 30 or more years ago by the Keystone 
Manganese & Iron Co. is on the southeast slope of the hill, north- 
east of the openings just described. This cut was made in chocolate- 
colored ore-bearing clay and reveals massive ledges of the Fernvale 
limestone. Considerable manganese oxide in fine particles is in the 
clay on the old dumps. 

The Pittman mine on the west side of West LaflFerty Creek is 
in the SE. i NE. J sec. 3, T. 14 N., R. 8 W., at the' mouth of 
Cummins Hollow. It has been operated by R. S. Handford, be- 
ginning in 1917, and the production has been 200 tons of high- 
grade manganese ore. The mine, which consists of many shallow 
pits, is on a gently sloping alluvial cone at the mouth of Cummins 
Hollow. West LaflFerty Creek flows in a sand-covered flat which 
adjoins the alluvial cone on the southeast. This cone occupies about 
an acre and is underlain by a bed of chert pebbles and fragments 
4 feet or more deep that rests upon the Plattin limestone, which is 
exposed on the steep hill slopes on either side of the cone and in 
one of the pitg. Masses of iron and manganese oxides, which occur 
separately, are scattered through this gravel bed. They, as well 
as the chert fragments and pebbles, have obviously been carried to 
their present position by the wet-weather stream draining Cum- 
mins Hollow, where masses of these oxides are present not only in 
the gravels in the stream beds but also in the superficial clays on the 
slopes on either side of the hollow. 

The manganese ore consists of the minerals psilomelane, haus- 
mannite, and braunite, and it occurs as irregular compact, hard 
masses Aat range in size from that of a pea or smaller to that of 
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a cobble weighing 30 pouixds. It has been mined and hand sorted 
from the gravel over about half an acre. Concentrates of the peb- 
bles of ore 1 inch or less in diameter obtained by means of a hand 
jig are said by Mr. Handford to have averaged 27 per cent of man- 
ganese and 30 per cent of iron. The high percentage of iron 
is due to the large number of pebbles of iron oxides among thos^, 
of manganese oxides. If the small pebbles of manganese oxides 
could be separated from those of iron oxides they would constitute 
a high-grade manganese ore. 

The following analyses, supplied by Mr. Handford, are of car- 
load lots of lump manganese ore shipped from the mine at the mouth 
of Cummins Hollow, 

Analyses of mangcmese ore from the Pittman nUne at the motUh of Cummins 

Hollow, 





1 


2 


3 


4 


MnnganAse (M") . , ^ ^ . » 


52.28 
4.04 


52.84 
4.41 


55.28 

3.90 

.28 

8.96 

1.40 


51.62 


Iron(Fe) 


4.41 


Phosphorus (P) .^ 




Silica (SiOs) * 


9.56 
1.40 




9.76 


Moisture 


2.i2 


5.73 







CUMMINS HOIXOW MINE. 

The Cummins Hollow mine, owned by the Martin Manganese & 
Mining Co., is on a tract of land comprising 239 acres lying along 
the north line of sec. 3, T. 14 N., R. 8 W., and is in Cummins Hollow, 
a southeastward-trending hollow on the west side of West Lafferty 
Creek, If miles north-northeast of Penters Bluflf station. The mine 
was operated in 1849 and for a few years afterward by Col. Matt. 
Martin, who, according to E. C. McComb, mined and shipped prob- 
ably as much as 500 tons of manganese ore by boats down White 
River to New Orleans and thence to England. It was operated in 
1909 by thQ Martin Manganese & Mining Co., which mined 50 tons 
of ore, and was next operated, beginning in 1915, by the Independ- 
ence Mining Co., the present lessee, which had mined and shipped 
1,000 tons of ore before June, 1918. The ore thus far shipped con- 
sisted of " lump ore " that was sorted by hand from tHe clay and the 
rock fragments. 

The workings, which are pits, cuts, and shafts, some as much as 
15 feet deep, are located here and there over an area of about 25 
acres on the hill slopes on either side of Cummins Hollow and in 
the bed of the wet-weather stream that drains it. They extend from 
nearly the level of West Lafferty Creek, which passes the mouth of 
the hollow, to an elevation of about 300 feet above it. They have 
been dug in red and black clays which contain masses of manganese 
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ore, numerous fragments of chert, sandstone, and limestone, and many 
small particles of red iron oxide. These clays overlie the Plattin, 
Kimmswick, and Femvale limestones, whose surficial boulders and 
exposed ledges occur over much of the surface, and they fill channels 
as much as 8 feet wide and irregular pockets in the limestones. 
They are at places only a few inches thick, but in some of the chan- 
nels and at other places they are 15 feet or more thick. Some of 
the channels are straight and were formed by the solution of the 
limestone along joint planes. 

The manganese ore consists of irregular compact masses ranging 
in size from fine particles ("wash ore") to larger masses ("lump 
ore "), some boulders of which weigh 5,000 pounds. It is composed 
of steel-blue psilomelane, granular hausmannite, and crystalline 
braunite. These minerals are generally intimately mixed, but some 
masses of ore are composed entirely of braunite. Barite is found in 
small quantity in a few masses. The ore is a residue from the decom- 
position of the Femvale limestone, and some of it may have been de- 
rived from the weathering of shaly beds in the Cason shale, of which 
the only exposed beds are ledges of brown sandstone. In fact, a few 
lenses of manganese ore several inches thick that have not been set 
free by the decomposition of the Fernvale limestone are revealed on 
exposed ledges of this limestone. After the masses were set free 
from the inclosing rock, those on the hill slopes reached their present 
I>osition by settling down the slopes or by being washed down the 
slopes by small streams, and most of the ore in the bed of the stream 
in the bottom of the hollow was washed from the hill slopes on either 
side of it. The ore has been proved by pits to extend over an area 
of about 25 acres, but the surface showings indicate that it will prob- 
ably be found over an area of 50 to 60 acres in all. Considerable wash 
ore occurs in the clays, but the concentrates that would be recovered 
v«^ould be ferruginous manganese ore, owing to the presence of the 
fine particles of red iron oxide. 

The first four of the following analyses are of carload lots of man- 
ganese ore shipped from this mine by the Independence Mining Co. 
to the Miami Metals Co., and the last analysis represents the average 
composition of 250 tons of ore shipped in 1918 by the Independence 
Mining Co. to the Miami Metals Co. One carload of ore that has 
been shipped from this mine contained 60.70 per cent of manganese. 

Analyses of ma/nganese ore from the Cummins Hollow mine. 





1 


2 


3 


4 


6 


lAtmg^r\M^ (Mn) . ... ....... 


S6.63 
1.40 
6.66 


50.66 


60.18 
2.62 
2.03 
3.10 


60.47 

1.61 

7.07 

.78 


58 11 


Ir<m(Fe) 


1.63 


Silica(SiOa) 




6 00 


Moisture 




1.10 
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JOHNSON HILL MINE. 

The Johnson Hill mine is in the southern part of sec. 84, T. 15 
N., K. 8 W.j on Johnson Hill west of West Lafferty Creek, 1 mile 
south of the village of Anderson and 2 miles northeast of Pentera 
Blufi station, and is on land part of which was owned at the time of 
visit (May 23, 1918) by the United Phosphate & Chemical Co. and 
the rest by A. H. Taylor. Since then Mr. Taylor has sold his prop- 
erty to G. L. Bruner. The part of the property that comprises the 
SE. i SE. J sec. 34, T. 15 N., R. 8 W., was described by Penrose as 
the Anderson Mill tract, on which he states several carloads of ore 
are reported to have been mined in 1890 by C. F. Drake.^*^ The 
present operators, W. H. Denison and J. F. Barksdale, have mined 
and shipped several hundred tons of ore within the last few years. 

The workings consist of shallow pits that have been dug here and 
there over an area of perhaps 40 acres on the east and south slopes 
and on the crest of Johnson Hill and in the bed of the branch in the 
hollow south of the hill. The highest openings are 365 feet above 
West Laflferty Creek, which flows past the east base of the hill. 
They all penetrate red and brown clays in which chert fragments and 
large and small masses of manganese ore occur in greater or less 
quantities. These clays in uuyst places are not more than a few feet 
thick, and they rest upon the irregular surfaces of the Plattin, 
Kimmswick, and Fernvale limestones, from which they are a residue 
through the process of weathering. Exposed ledges and boulders of 
the Plattin limestone are very abundant, whereas there are only a few 
exposures of the Kimmswick and Fernvale limestones. A few feet 
of weathered Cason shale are exposed in places on the crest of the 
hiU. 

The manganese ore consists of psilomelane, hausmannite, and 
braunite and occurs in irregular compact masses, ranging in size 
from fine particles ("wash ore") to boulders weighing as much as 
a few hundred pounds, but a small quantity of ore on the crest of 
the hill consists of "buttons" like those at the Cason and Mont- 
gomery mines, of botryoidal masses, and of other masses that show 
casts of fossils. Some of the Cason shale, which is exposed on the 
crest of the hill, as well as loose sandstone slabs derived from it, is 
partly replaced by manganese oxide. Associated with the manga- 
nese minerals there is a^ considerable quantity of red iron oxide, 
which occurs in fine particles free from manganese. 

These iron and manganese minerals are a residue from the weather- 
ing of the Cason shale and Fernvale limestone, and masses of them 
have settled or have been washed down the slopes so that they are 

* Penrose, R. A. F., Jr., Manganese — its uses, ores, and deposits: Arkansas Geol. Sur- 
vey Ann. Bept for 1890, vol. 1, p. 286, 1891. 
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now found not only in the residual materials overlying these two for- 
mations but also in clays that overlie the Kimmswick and Plattin 
limestones. Much if not most of the ore in the bottom of the hollow 
south of Johnson Hill has obviously been washed from the slopes on 
either side. 

The marketed ore has consisted of only the " lump ore " of high 
grade, which has been sorted by hand from the clay and chert frag- 
ments. Much " wash ore " is present in the clay, but as there is 
also a fairly large quantity of iron oxide the concentrates that would 
be recovered by washing would be ferruginous manganese ore. 

The analyses given below are of carload lots of manganese ore 
shipped by W. H. Denison and J. F. Barksdale from the Euminer 
Rough, Manganese Field, Sand Field, Barksdale, Earl Collie, and 
Johnson Hill mines. The ores from these mines are very similar and 
most lots were not kept separate when they were shipped. The first 
nine analyses are of carloads that were shipped to the Tennessee Coal, 
Iron & Railroad Co., and the last three are of carloads that were 
shipped to the Miami Metals Co. 

Analyses of manganese ore from- the Rnminer Rough, Manga)iese Field, Sanct 
Field, Johnson Hill, Earl Collie, and Barksdale mines. 
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54.51 
2.89 
.17 
7.00 
2.00 
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56.43 
2.26 
.18 
6.15 
2.55 
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^^^ftTifiranese ?Mn) , 


50.16 
3.27 
.15 
8.54 
3.16 


56.47 

2.96 

.14 

5.63 

1.87 


55.41 
6.08 
.13 
9.90 
2.89 


52.43 


Iroii(Fe) 


8.49 


Phosphorus (P) 


.12 


Silica (SiOa) 


6.86 


Alumina ( AljOj) 


2.51 
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10 


11 


12 


Mangaiiese (Mn) 


56.68 

4.04 

.13 

9.66 

2.96 


57.26 

4.85 

.08 

6.10 

,2.97 


52.66 


59.18 


57.12 
2.31 


58.03 


Iron(Fe) 


1.31 


Phosphorus (P) 






.147 


Silica (SiOs) 




6.48 


6.24 


7.68 


Alumina ( AljOt) 















SKEI/TOK-HANDFOBD PROSPECT. 

The Skelton-Handford prospect is in the SE. i SW. i sec. 3, T. 
14 N., R. 8 W., 1 mile northeast of Penters Bluff station. The 
openings that were visited are on the east hill slope, just north of 
the T. M. Tate openings that are west of West Lafferty Creek. The 
few pits at this locality are very small and are in chocolate-colored 
manganese-bearing clays, which overlie the irregular surface of the 
Fernvale limestone. Large blocks of the St. Clair limestone that 
have settled down the slope a few feet partly conceal the clays. The 
ore is composed of manganese and ferruginous manganese oxides 
and occurs in irregular masses, many of which are shaly. Only a 
104569—22 17 
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few tons of manganese ore has been hauled away from this localit5\ 
and, according to R. S. Handford, who did the mining, it contained 
about 40 per cent of manganese. 

One hollow on this property where work has been done is said 
to have produced 5 or 6 tons of high-grade manganese ore, but the 
locality was not visited by the writer. 

UNITED PHOSPHATE & CHEMICAL CO.'s MINE. 

A mine on land owned by the United Phosphate & Chemical Co., 
formerly known as the Virginia Chemical Co., is situated on the 
northwest slope of the same hill as the Skelton-Handford prospect. 
It is composed of a number of shallow cuts and pits, which have 
been dug here and there over about an acre, and it has been operated 
by J. F. Barksdale and W. H. Denison, beginning in 1917. The 
ore at this locality is a ferruginous manganese ore and occurs as 
irregular masses in a chocolate-colored clay overlying the Fernvale 
limestone, of which there are many exposures. The clay is com- 
paratively free from chert fragments and is not overlain by chert 
debris, which commonly overlies the ore-bearing clays of the district. 
One pit that was made in the weathered Cason shale revealed 2 feet 
of soft shale containing " buttons " of red iron oxide. 

One car of ore, shipped from this mine to the Tennessee Coal, Iron 
& Railroad Co., contained 33.14 per cent of manganese, another car 
shipped to this company contained 31 per cent of manganese, and 
a third car, shipped to the American Steel Foundries, contained 20.62 
per cent of manganese. 

BKEEDEN PROSPECT. 

The Breeden prospect, which is on land owned by J. B. Breeden, 
is 1 mile north of Penters Bluff station. It consists of several shal- 
low pits on the hill slope in and near the head of a hollow which is 
drained to the north. The pits are just south of those at the United 
Phosphate & Chemical Co.'s mine described above and have been 
made along the weathered outcrop of the Cason shale and in chocolate- 
colored clays that overlie the Fernvale limestone. Those in the 
Cason shale show 2 feet of soft shale containing "buttons" of red 
iron oxide and beneath this a bed 2 feet or less thick, composed 
partly of yellow and red clays but mainly of wad, psilomelane, 
and iron oxide. The bed containing the clay and these oxides rests 
upon the uneven surface of the weathered Fernvale limestone. These 
clays are derived in part from the weathering of the base of the 
Cason shale and in part from the weathering of the Fernvale lime- 
stone. Although some of the marketed ore has been obtained from 
the bed mentioned above, most of it consisted of lumps and boulders, 
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some weighing as much as 450 pounds, that have been found in the 
clays overlying the Fernvale limestone. The manganese ore at this 
locality is associated with much iron oxide but is generally more 
free from it the lower the openings have been made on the slope. 

The work on this property has been done by Mr. Breeden, begin- 
ning in 1917, and some ore has been shipped, but the quantity is not 
known. 

SHAFT HILL MINE. 

The Shaft Hill mine, owned by the Martin Manganese & Mining 
Co. and operated by the Independence Mining Co., is on a hill in 
the SW. i sec. 10, T. 14 N., B. 8 W., one-fourth of a mile northeast 
of Penters Bluff station. Col. Matt. Martin mined the first man- 
ganese ore at this locality about 1850 and shipped it by barge from 
a landing at Penters Bluff to New Orleans, whence it was shipped 
by sea to England and to eastern ports of the United States. The 
next work was done in 1909 and 1910 by the Martin Manganese & 
Mining Co., which mined 50 tons of manganese ore but did not ship 
any of it. The mine then lay idle until 1915, when the Independence 
Mining Co., the present operator, began work. 

The Plattin limestone is exposed at many places on the slope to 
a height within 60 feet of the crest of the hill, which rises 200 feet 
above the road in the valley on the south. A few feet of the base of 
the Kimmswick limestone is exposed on the slope, and a horse of 
it is exposed in a cut near the crest. These limestones are overlain 
by red ore-bearing clay, and this in turn is overlain by red clay or 
loam containing chert fragments. The ore-bearing clay, together 
with the manganese ore, is residual from the Fernvale limestone, 
which has apparently been entirely removed from this hill through 
solution, and it has settled upon the irregular surface of the two 
limestones named above. The cherty material is derived from the 
Boone chert and is much broken, for, like the imderlying clay, it 
has settled below its original position. One cut and 25 shafts, none 
of which were entered at the time of visit (March 30, 1918), occupy 
about an acre of land on the crest of the hill. The shafts are 40 
to 80 feet deep, and most of them are 20 feet apart; from them 
drifts as much as 35 feet long run in all directions. A shaft and a 
cut were being made on the northwest slope at the time of a later 
visit (May 25, 1918). The openings on the crest of the hill are 
said to have passed through 12 to 20 feet of cherty material before 
entering the underlying clay, and those on the northwest slope 
passed through only a few feet of such material. The clay in places 
has been penetrated to a depth of 60 feet, but only parts of it 
contain ore. 
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The manganese ore is mostly a soft though firm black oxide, but 
part of it is psilomelane, in which there are a few crystals of braunite. 
and it occurs both as irregular-shaped fine particles and as boulders, 
some weighing as much as 1,000 pounds. It is scHnewhat porous, but 
the clay generally does not enter the pores. 

Most of the ore shipped from this locality was hand sorted from 
the clay and shipped without further treatment. The Independence 
Mining Co. has in this way produced 500 tons, which, accordino: to 
E. C. McComb, owner and manager of the company, averaged 44 
per cent of manganese, 8 per cent of iron, 4 to 5 per cent of silica, 
and less than 0.20 per cent of phosphorus. 

A small washing plant, equipped with a trommel screen and a 
sluice trough 40 feet long, was erected by this company on the bank 
of White River, at Penters Bluff station, and was operated for some 
time before the writer's visit. Ore-bearing clay taken from the 
shafts was washed, and 150 tons of concentrates, averaging 33 per 
cent of manganese, were obtained. So much of the ore in fine parti- 
cles was lost that 100 tons of the ore-bearing clay was shipped with- 
out treatment. This clay contained 20 per cent of manganese and 
20 per cent of iron. The total recovery of concentrates from sam- 
ples of the ore-bearing clay, as determined by tests made by Crowell 
& Murray, of Cleveland, Ohio, was 58.33 per cent, and the concen- 
trates according to them contained 38.07 per cent of manganese. 

The following analyses represent the composition of five carloads 
of washed ore shipped from the Shaft Hill mine to the Tennessee 
Coal, Iron & Railroad Co. 

Analyses of ferrufnnous manganese ore from the Shaft Hill mine. 



Manganese (Mn). 

Iron (Fe) 

Phosphorus (P).. 

SiUcaCSiOs) 

Alumina (AlsOs). 



27.05 
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1.76 

8.38 
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32.42 
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32.67 

13.92 

.39 

14.91 

4.10 


32.32 


31.53 

15.81 


.53 




.63 


15.08 




14.54 


4.71 




4.45 









An unnamed mine owned by the Martin Manganese & Minin^r Co. 
and operated recently by the Independence Mining Co. is situated 
on a hill between Shaft Hill and White River, but it was not visited 
by the writer. The analyses given below are of carload lots of 
ferruginous manganese ore shipped from this mine by the Inde- 
pendence Mining Co. The first six analyses are of ore shipped to 
the Central Iron & Coal Co., and the last two are of ore shipped to 
the Sloss-Sheffield Steel & Iron Co. 
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Analyses of ferruginous manganese ore from an unna»ted mine near the Shaft 

Hill mine. 
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UNITED PHOSPHATE & CHEMICAL CO. S PROSPECT. 

A prospect on land belonging to the United Phosphate & Chemical 
Co., formerly known as the Virginia Chemical Co., is in sec. 4, T. 
14 N., R. 8 W., on the east side of Love Hollow and about half a mile 
north of the mouth of the hollow. Prospecting was done at this 
locality in 1917 by Louis and Theodore Weaver, and a few wagon 
loads of ore were hauled in 1918 to Williamson station, about 2 
miles away, where it was shippe 1. The openings comprise several 
very small pits within an area of 2 or 3 acres. They penetrate a 
chocolate-colored clay as much as 4 feet thick, which is concealed 
by surface material consisting largely of fragments of chert from the 
Boone chert and of phosphatic sandstone fragments from the Cason 
shale. The clay is residual from the Fernvale limestone, which 
underlies the Cason shale, and it is apparently in small quantity, 
as there are many outcrops of the Fernvale limestone. Most of 
the ore observed at the time of visit (April 1, 1918) was a ferruginous 
manganese oxide, but part was psilomelane, and it occurs in the clay 
and overlying material. The Fernvale, from which it is residual, 
has a dark-brown color due to the presence of manganese and iron 
oxides in it. 

LOVE PROSPECT. 

The Love prospect, which is on land owned by W. J. Love, is in Love 
Hollow, in sec. 4, T. 14 K, B. 8 W., 2 miles northeast of Williamson 
station. No work has been done here except the collecting of frag- 
ments of manganese ore aggregating 1,000 pounds from the slope 
on the east side of the hollow. The ore is probably residual from the 
Fernvale limestone, which is exposed on the slopes on either side of 
the hollow. 

w];lliamson-gulley prospect. 

The Williamson-GuUey prospect, which is on land owned by J. W. 
AVilliamson and Ransom Gulley, is on the east side of Lafferty 
Hollow, in the west part of sec. 5, T. 14 N., E. 8 W., about 1 mile 
northeast of Williamson. Prospecting was done here in 1917, and 
about 10 tons of manganese ore, which is said to have contained 
about 45 per cent of manganese, was removed from the openings and 
hauled to Williamson, whence it was shipped. 
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The openings, which are several shallow pits, have been dug on 
the south slope and west point of a hill, at an elevation of 200 feet 
above the wet-weather branch in Lafferty Hollow. They are in 
red, reddish-brown, and chocolate-colored clays that are found over- 
lying the surface of the upper beds of the Fernvale limestone, which 
at this locality is overlain by the Cason shale, St. Clair limestone, 
and Boone chert, the first-named being the oldest an 1 the last-named 
the youngest. Eusty ledges of the Fernvale limestone abound on 
the point of the hill, and very little clay is found on the surface there, 
whereas farther east on the hill the clay is thicker and the exposed 
ledges of this limestone are less numerous, but debris consisting 
largely of chert fragments from th^ Boone chert and phosphatic 
sandstone slabs from the Cason shale becomes thicker in this direc- 
tion. A few small pockets and seams of psilomelane occur in the 
exposed ledges at the top of the Fernvale, and irregular fragments 
of this mineral occur in the clay. 

H. M. TATE PROSPECT. 

The H. M. Tate prospect consists of a few pits on the H. M. Tate 
tract, near the head of a hollow 2^ miles northeast of Williamson 
station. Manganese and ferruginous manganese oxides were found 
in a chocolate-colored clay which is overlain by a few feet of chert 
debris that has rolled down the hill from the Boone chert, exposed 
liigher on the slopes. This clay and the ore in it are residual from the 
Fernvale limestone, of which heavy ledges are exposed in the largest 
pit, where a spring issues. Ore is said to have been mined and hauled 
away from this locality, but none has been hauled away recently. 

W. K. TATE PROSPBOr. 

The W. K. Tate prospect is on land belonging to W. K. Tate, in 
sec. 33, T. 15 N., E. 8 W., 2^ miles northeast of Williamson station. 
Four very small pits were dug in 1916, in a field on a north hill slope. 
They passed through a gray cherty loam a few feet thick and then 
penetrated reddish-brown clay. This clay in two of the pits contains 
ferruginous manganese oxide and iron oxide in pieces an inch or less 
across, but in the other pits it contains none of these oxides. No rock 
ledges are exposed in the vicinity, and none were found in the pits, 
but the Fernvale limestone probably underlies the clay and other 
superficial materials. 

About one-fourth of a mile farther west, on the same hill slope. 
two shallow pits 10 feet apart have been dug in a dark reddish-brown 
clay, which lies between exposed masses of the Fernvale limestone. 
Small pieces of psilomelane containing a minute quantity of manga- 
nite and of ferruginous manganese oxide were seen in the clay, but 
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the quantity of these oxides in the clay removed from the pits is very 
small. The Fernvale is exposed at other places in this vicinity, and 
outcrops of the Plattin limestone occur in a small thicket 100 feet 
northeast of the pits. Doubly terminated quartz crystals that were 
shown to the writer are said to have been found on the surface at this 
locality. 

HELM PROSPECT. 

The Helm prospect, not visited by the writer, is on the T. M. Helm 
tract, in sec. 27, T. 15 N., R. 8 W., about 1 mile west of Anderson. 
Mr. Helm told the writer that he had dug one pit, from which he 
removed 1,500 pounds of manganese ore. 

E. D. WINKLE PROSPECT. 

The E. D. Winkle prospect, owned by E. D. Winkle, is in sec. 
27, T. 15 N.^ R. 8 W., and is in a small saddle near the point of a 
hill west of West Laflferty Creek, one-fourth of a mile northwest of 
Anderson. Shallow pits have been dug recently in small pockets of 
black manganese-bearing earth, which lies around exposed ledges of 
the Fernvale limestone and which contains only a few chert frag- 
ments in its surficial portion. The Fernvale limestone is overlain 
on the hills on either side of the saddle by the St. Clair limestone. 
Very little manganese ore was observed at the time of visit, but 30 
tons is said to have been mined and shipped. 

C. L. SANDERS PROSPECT. « 

The C. L. Sanders prospect consists of two cuts on the south slope 
of the point of a hill, in sec. 27, T. 15 N.,'B. 8 W., about half a mile 
west-northwest of Anderson. The cuts were made in 1917 by C. L. 
Sanders, the owner, who obtained from them 30 tons of manganese 
ore, which he hauled to Cushman, where it was shipped. One of the 
cuts is very small. The other, which is higher on the slope, is 100 
feet long and is said to have been 20 feet deep before it partly caved. 
In the upper part of the larger cut a few feet of brown crinoidal 
limestone, which is believed by the writer to be the St. Joe limestone 
member of the Boone chert, is exposed, and beneath it 3 feet of 
red and yellow ocherous laminated clay, which may have been de- 
rived from the Cason shale, are exposed. A boulder of the Fernvale 
limestone was revealed at one place, lying beneath the clay. Thin 
lenses and small pockets of manganese and iron oxides were observed 
in the clay, and at one place a lenticular mass of manganese oxide a 
few inches thick extends upward into the crinoidal limestone. 
Boulders of manganese ore. are said to have been found in the clay, 
the largest weighing 800 pounds. One carload of ore from this 
prospect was shipped by W. H. Denison and J. F. Barksdale to the 
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Tennessee Goal, Iron & Bailroad Co. and was found on analysis to 
have the following composition : 

Analysis of manganese ore from the C. L, Sanders prospect. 

Manganese (Mn) 45.82 

Iron (Fe) 5. 51 

Phosphorus (P) . .38 

Silica (SiOz) 6.52 

Alumina (AI2O3) 2.62 

GROUP OF MINES EAST^ OT ANDERSON. 
GENERAL FEATURES. 

The Sand Field, Manganese Field, Buminer Rough, and Barksdale 
mines are east of the village of Anderson and are on adjoining prop- 
erties. The Buminer Bough mine was operated 20 to 25 years ago 
by W. H. Denison, who mined and shipped 400 tons of manganese 
ore. All four mines have been operated by Mr. Denison and J. F. 
Barksdale, beginning in 1916. Their combined production in 1916 
was 100 tons, in 1917 it was 240 tons, and in 1918 it was 200 tons be- 
fore the time of visit (May 23). The production thus far consists 
entirely of manganese ore that has been sorted by hand from the 
inclosing clay. 

These mines are on the south slope, on the west end, and at the 
south base of a low eastward-trending ridge more than a mile in 
length. Loose blocks of ferruginous sandstone that were once a part 
of the Cason shale — which, except for these blocks, has been com- 
pletely eroded from the vicinity — cap the crest of the ridge. The 
Joachim, Plattin, Kimmswick, and Fernvale limestones are exposed 
in many heavy ledges on its gentle slopes, and the St. Peter sand- 
stone is exposed in the valleys on either side of it. These limestones 
lie in a shallow east- west syncline half a mile wide, whose axis passes 
through Anderson. 

The manganese ore is found in surface material overlying the St. 
Peter sandstone and in clays in channels and pockets formed by solu- 
tion in the three limestones named above, and like most of the other 
manganese ore in the Batesville district it is a residue from the de- 
composition of the Fernvale limestone. It occurs in these clays and 
other surficial materials as irregular compact masses ranging in 
size from fine particles ("wash ore") to larger masses ("lump 
ore"), some boulders of which weigh 1,000 pounds. The "wash 
ore " and " lump ore," according to Mr. Barksdale, are present in 
equal quantities. 

The ores from these mines consist largely of psilomelane and haus- 
mannite, but partly of braunite and manganite. Some masses are 
composed of steel-blue psilomelane, others of steel-blue psilomelane 
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and fine-grained to coarse-grained hausmannite, and still others of ^ 
psilomelane and braunite. As the ore from each mine is very similar 
to that from the others, they have not been kept separate when 
shipped, and in some cars they have been mixed with the ores from 
the near-by Earl Collie and Johnson Hill mines. The analyses of 
carload lots of such mixed shipments are given on pagp 245. One 
carload of ore from the four mines here described contained 60.80 per 
cent of manganese. 

SAND FIELD MINE. 

The Sand Field mine, owned by W. F. Hamby, is in a nearly level 
part of a small valley, on the north border of the NE. i NE. i sec. 
35, T. 15 N., R. 8 W. The workings are pits from 1 to 4^ feet deep, 
which have been made in a red sandy loam here and there over an 
area of about 2 acres. The loam overlies the St Peter sandstone, of 
which there are large exposures in the vicinity, and it contains the 
manganese ore, which occurs in masses ranging in size from fine par- 
ticles to pieces that weigh 26 pounds. Only the large pieces of ore 
have been separated by hand from the loana. An attempt was made 
to concentrate the ore by passmg the dry ore-bearing loam through a 
trommel screen, but it was not successful. 

MANGANESE FIELD MINE. 

The Manganese Field mine is on the south slope of the ridge that 
trends eastward from Anderson and is just north of the Sand Field 
mine, described above. It is on a tract of land owned by J. F. Barks- 
dale, which comprises the SE. i SE. i sec. 26 and the SW. i SW. J 
sec. 25, T. 15 K, E. 8 W. 

The workings are pits 15 feet or less in depth and have been dug 
here and there over most of the tract. They penetrate red sandy 
loam, red clay, and black clay, which overlie the irregular surface of 
the Joachim, Plattin, Kinmiswick, and Fernvale limestones or fill 
channels and pockets in these limestones. The ore is found from the 
surf ace to the bottoms of the pits, and it is in masses some of which 
weigh as much as 1,000 pounds. 

RUMINEB ROUGH MINE. « 

The Ruminer Eough mine is west of the Manganese Field miAe 
and is on the west part of the ridge that trends east from Anderson. 
It is on a tract of land owned by Mr. Denison and Mr. Barksdale, 
which comprises the SE. i SW. i and the SW. i SE. i sec. 26, T. 15 
N., E. 8 W. The manganese ore is mined by means of pits from clay 
that fills small pockets and channels in the Joachim and Plattin lime- 
stones. Ledges and boulders of these limestones occupy a large part 
of the surface, and as they make the ground exceedingly rough this 
area and other similar areas are known as " roughs." 
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BABXSDALE KIVE. 

The Barksdale mine is on the west end of the ridge just east of 
Anderson and is west of the Euminer Rough mine. It is on a tract of 
land owned by Mr. Barksdale, which comprises the SW. J SW. J sec. 
26, T. 15 N., E. 8 W. Exposed ledges and boulders of the Joachim 
and Platti» limestones occupy much of the surface here as at the 
Euminer Eough mine. The manganese ore is found in clays that fill 
pockets and channels in these limestones, and it has been mined by 
means of pits. 

EARL COLIilE MINE. 

The Earl Collie mine is just east of Anderson and is on a 120-acre 
tract that adjoins the south side of the tracts on which the Barks- 
dale and Euminer Eough mines are situated. It was operated 20 
to 25 years ago, when it produced 150 tons of " lump " manganese 
ore, and was next operated by Earl Collie, the owner, who began 
work in 1917 and who mined 30 tons of " lump ore " before the 
time of visit (May 23, 1918). In August, 1918, the property was 
sold to G. L. Bruner. 

The workings, which are pits, have been dug here and there 
over a large part of the 120-acre tract, and manganese ore is said 
to occur over the entire tract. Ore in fragments, some weighing as 
much as 60 pounds, has been picked up on the surface in a field on 
the west part of the tract and has been mined by means of pits 
4 feet deep in a sandy loam in and near a small stream that flows 
west. In the pits the ore is found usually at the base of the loam 
lying on ledges of the St. Peter sandstone and mixed with sand- 
stone fragments. The ore, the sandstone fragments, and the sandy 
loam containing them have obviously been transported and de- 
posited in their present position by the stream at this locality. 
Manganese oxide (wad) stains parts of the St. Peter sandstone and 
cements sand grains to the surfaces of many fragments of ore. 

Most of the openings on this tract are in a gently rolling but 
rough area north of the above-mentioned field. There ledges of 
the Joachim limestone, which crop out over much of the surface, 
contain clay-filled channels, some as much as 5 or 6 feet wide, 100 
feet long, and 15 feet deep. These channels were formed by the 
solution of the limestone along its bedding planes and joints, and 
many of them extend down to the St. Peter sandstone, which under- 
lies the Joachim limestone. The clay that fills these channels and 
the scanty soil above it contains compact masses of manganese ore 
ranging in size from fine particles to boulders that weigh 100 pounds. 
The ore consists of steel-blue psilomelane, hausmannite, and braunite, 
which are more or less intermixed. It is similar to the ores obtained 
from other mines in the vicinity and has been mixed with them 
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before being marketed. Analyses of carload lots of ores thus mixed 
are given on page 245. 

The tract here described is on the south edge of the shallow east- 
west syncline that lies east of Anderson. The very low northward 
dip of the St. Peter sandstone toward the axis of the syncline is 
best revealed along the wagon road running down West Lafferty 
Creek south of Anderson. 

CARAWAY PROSPECT. 

The Caraway prospect, owned by Bichmond Caraway, is in sec. 
^6, T. 15 N., R. 8 W., three-fourths of a mile northeast of Anderson, 
and is north of the Manganese Field mine. Work at this locality 
was begun in 1917 and thus far (May 22, 1918) only a few tons of 
manganese ore has been mined and shipped. 

The workings, which are shallow pits, have been dug in clays that 
lie around the exposed ledges and boulders of the Joachim and 
Plattin limestones on a north hill slope and in surface wash that 
overlies the St. Peter sandstone along a small westward-flowing 
branch. The ore was generally found from the surface to the bottoms 
of the pits. It consists of steel-blue psilomelane, hausmannite, and 
braunite, and it occurs as both fine particles and larger masses, some 
of which weigh 200 pounds. 

This prospect is on the north edge of the syncline extending east- 
ward from Anderson. The St. Peter sandstone, which is exposed 
over large areas in the vicinity, dips a few degrees to the south. 

L. J. WEAVER MINE. 

The L. J. Weaver mine, which is owned by Mrs. L. J. Weaver, is 
on the east and north slopes and near the crest of Cave HiQ, 1^ 
miles north-northeast of Anderson. The tract of land on which it is 
situated is in the E. i SE. i sec. 23 and the NE. i NE. i sec. 26, T. 15 
N., R. 8 W. The mine has been operated from time to time, begin- 
ning in 1916, by various persons, among whom were J. B. Hinkle, 
J. F. Barksdale, W. H. Denison, and J. E. Secrest. Although the 
total pix)duction is not known at least one car of ore is said to have 
been shipped. Pits and cuts, some as much as 25 feet deep, have 
been dug in brown manganese-bearing clay which overlies and fills 
pockets in the Fernvale limestone. They extend up the hill slopes 
to the St. Clair limestone, a few feet of which is exposed near the 
crest of the hill. The small pieces of ore observed in the clay on 
the dumps at the time of visit (May 23, 1918) consisted of soft 
though firm ferruginous manganese oxide. The- car of ore men- 
tioned above was shipped to the Tennessee Coal, Iron & Eailroad 
Co., and was found on analysis to contain 36.17 per cent of man- 
ganese. 
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I;EWIS PB06FSGT. 

The Lewis prospect is on the west slope and near the crest of Cave 
Hill, 1^ miles north-northeast of Anderson. A few small pits have 
been dug in red clay that overlies the Fernvale limestone, and they 
extend up the slope to the outcrop of the St. Clair limestone. The 
pits reveal a soft though firm ferruginous manganese ore like that at 
the L. J. Weaver mine, which is on the north and east slopes of the 
hill. The quantity of ore that has been removed and hauled away 
from this locality was not learned. 

CA^-E HILL MINE. 

The Cave Hill mine is on and near the south slope of Cave Hill, 
on land owned by J. F. Barksdale, in sees. 23 and 16, T. 15 N., E. 
8 W., Xi miles north-northeast of Anderson. It was operated in 1917 
by Mr. Barksdale, who mined and shipped two or three carloads of 
manganese ore. Considerable ore is said to have been mined 20 to 25 
years ago along a small stream on this property. 

The openings that were visited are shafts on the east slope of 
the south point of Cave HiU. They passed through several feet of 
chert debris at the surface and then penetrated manganese-bearing 
clay. The occurrence of outcrops of the Plattin limestone near the 
shafts indicates that the manganese-bearing clay at this locality rests 
upon this limestone. Manganese ore was obtained not only from the 
shafts but is said to have been picked up on the surface. The ore 
observed on the dumps at the time of visit (May 23, 1918) consisted 
of small pieces of porous psilomelane. 

T. C. WINKLE PROSPECT. 

The T. C. Winkle prospect is on the T. C. Winkle farm, on West 
Laflferty Creek, 2J miles above Anderson. A few pieces of hard man- 
ganese ore are said by Mr. Winkle to have been found on the stream 
flat bordering West Laflferty Creek and on the hill slope just east 
of the creek. Several pieces of such ore weighing 1 pound or less 
each were seen at Mr. Winkle's house; they consisted of steel-blue 
psilomelane in which there are crystals of braunite or hauanannite. 

The St. Peter sandstone is exposed on the lower slopes of the hills 
on either side of the creek at this locality, and the Joachim and 
Plattin limestones are exposed on Pine Mountain, east of the creek, 
and on the hills west of the creek. Although no Fernvale limestone 
is exposed on this mountain nor on the above-mentioned hills, it 
once occurred on them and has been removed by erosion. While it 
was being eroded the pieces of manganese ore that are now found 
along the creek were set free from the limestone and were washed 
by streams to their present position. 
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H. J. RAT PROSPECT. 

The H. J. Kay prospect is on land belonging to H. J. Ray, 2^ miles 
west-southwest of Mount Pleasant and 5^ miles northwest of Cush- 
man. The work on this property was done by Mr. Ray beginning 
in 1916, and before the time of visit (May 23, 1918) he had mined 
and marketed 26 tons of manganese ore. Several pits as much as 8 
feet deep have been dug in red and black clays near his house. These 
clays contain fragments of chert and limestone and masses of man- 
ganese ore, and they overlie the Plattin and Joachim limestones or 
fill shallow crevices between the many exposed ledges and boulders 
of these limestones. A pile of 1,000 pounds of ore ready to be mar- 
keted was observed in Mr. Ray's yard at the time of visit. It con- 
tained irregular compact masses of steel-blue psilomelane and gran- 
ular hausmannite ranging from those half an inch in their longest 
dimension to those weighing several pounds, but some masses are 
said to have weighed 76 pounds. The manganese content of the ore 
thus examined was as high as any in the region — between 50 and 60 
per cent. 

M. E. WILSON PROSPECT. 

The M. E. Wilson prospect consists of a few pits, 12 feet or less 
deep, on the north and northeast slopes of a hill in the NE. J SE. J 
sec. 13, T. 16 N., R. 8 W., 2 miles west-southwest of Mount Pleasant. 
M. E. Wilson, the owner, had mined and marketed 3 tons of man- 
ganese ore before the time of visit (May 30, 1918). The shallower 
pits have been dug in chert debris, but the deeper pits pass through 
it and penetrate brown clay. The occurrence of outcrops of the 
Plattin limestone on the crest and slopes indicates that the clay over- 
lies this limestone. Manganese ore has been found at places in the 
surficial chert debris and in " leads " in the brown clay by the side 
of masses of chert, which are known as "flint bars." The ore ob- 
served on the dump at the time of visit was psilomelane, in which 
there was a small quantity of braunite. 

BEVANS PROSPECT. 

The Be vans prospect is on the east slope of the hill on which the 
M. E. Wilson prospect is situated and is in the NW. J SW. J sec. 18, 
T. 15 N., R. 7 W., 2 miles west-southwest of Mount Pleasant. A few 
shallow pits that have been dug at this locality passed through chert 
debris and penetrated manganese-bearing clay, but only a very small 
amount of psilomelane and manganite were found. The occurrence 
of outcrops of the Plattin and Joachim limestones in this vicinity 
indicates that the clay overlies these limestones. 
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The McConnell mine is 4 miles north-northwest of Cushman and 
is on a tract of land which comprises the SE. J sec. 19 and the W. i 
SW. i sec. 20, T. 15 N., R. 7 W. The agricultural right of this tract 
is owned by Norman Needham, and the mineral right is owned by 
the Cleveland Manganese Mining Co. The mine was first operated 
30 years ago and was next operated in 1916 and later by W. H. Deni- 
son, who had mined and shipped 100 tons of manganese ore before 
the time of visit (May 30, 1918). 

The workings, which are pits 8 feet or less deep, have been made 
at many places on the northwest slope of a ridge and in the beds of 
two wet- weather branches that run in shallow hollows near tlie base 
of the ridge. The pits on the slope penetrate red and brown man- 
ganese-bearing clays which contain chert fragments near the sur- 
face, but the pits in the beds of the branches are in wash which is 
composed mainly of fragments of manganese ore and chert. The 
thickness and extent of the manganese-bearing clays have not been 
fully determined. Although the Joachim and Plattin limestones, 
which the clays overlie, are exposed at many places very few, if any, 
of the pits on the slope have passed entirely through the clays. The 
Fernvale and Kimmswick limestones, and the Cason shale (if it was 
ever present in this vicinity), have probably been completely decom- 
posed. Therefore, if large manganese deposits ever occurred in the 
Fernvale limestone and Cason shale they must now be looked for in 
the clays. 

The manganese ore is distributed through the clays as irregular 
masses ranging in size from fine particles (" wash ore ") to boulders 
that weigh 6 tons. There is considerable " wash ore " in places, but 
the recovered concentrates would be a ferruginous manganese ore. 
The " lump ore " contains 45 per cent or more of manganese and con- 
sists of psilomelane and braunite. Fine radiating needles of white 
barite line cavities in some of the ore. 

KLONDIKE MINE. 

The Fullbright mine, also known as the Klondike mine, is in the 
SE. i SW. i sec. 17, T. 15 N., R. 7 W., 1 mile south-southwest of Mount 
Pleasant and 5 miles north by west of Cushman. The agricultural 
right of the tract on which it is situated is owned by Tom Sipes, and 
the mineral right is owned by E. W. Buskett. The mine was operated 
in 1916 by Tom Fullbright, in 1917 by E. S. Handford, and in 1918 
by Mr. Buskett. The total production before June, 1918, was 80 tons 
of manganese ore. 

The workings are pits and cuts as much as 12 feet deep, which have 
been dug in red cherty manganese-bearing clay over 3 or 4 acres, on 
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the crest and on the north and northeast slopes of a knob. Althou«:h 
none of the openings appear to have passed entirely through the clay 
to the underlying limestone the clay, according to Mr. Handford, 
averages about 6 feet thick. The only limestone observed in the 
vicinity consists of exposures of the Plattin limestone, which occur 
on the south slope of the knob. The elevation of these exposures and 
the absence of exposures of any younger limestones suggest that the 
Plattin limestone underlies all the clay on the knob. 

The manganese ore is distributed through the clay as irregular 
masses which range in size from those a fraction of an inch in 
diameter to those weighing 50 pounds. The smaller particles, an 
inch or less in diameter and known as " wash ore," are in con- 
siderable quantity. Analj^ses of samples of the "wash ore" are 
reported to show that it contains from 28 to 35 per cent of manganese, 
and analyses of samples of the " lump ore " are reported to average 
about 45 per cent of manganese. 

HADDOCK PROSPECT. 

The Haddock prospect, owned by R. P. Haddock and leased to the 
Marqua Mining Co., is on a knob one-fourth of a mile west of the 
Klondike mine and 1 mile southwest of Mount Pleasant. Very little 
work has been done at this locality, and of the 12 tons of marketed 
manganese ore Mr. TurnbuU mined the greater part in 1917. The 
openings are small pits, which have been dug in brown manganese- 
bearing clay on the crest of the knob. The full thickness of the clay 
has not been proved, as none of the pits have reached the underlying 
limestone, which is probably the Plattin limestone. The manganese 
ore observed on the dumps at the time of visit (May 30, 1918) consists 
of small irregular particles of psilomelane and some wad. Such par- 
ticles, known as " wash ore," form a large part of the ore-bearing 
clay, but the concentrates that would be recovered by washing would 
probably be a low-grade manganese ore. 

MOSER PROSPECT. 

The Moser prospect is in the NW. J sec. 17, T. 15 N., R. 7 W., 
three-fourths of a mile southwest of Mount Pleasant. In 1916 and 
1917 J. W. Moser dug several pits on the south slope of a hill and 
picked up pieces of manganese ore on the surface. From these 
sources he obtained about 5 tons of ore, which he hauled to Cush- 
man and sold. The ore-bearing area is underlain by a dark cherty 
loam, through which a few boulders and ledges of the Joachim and 
Plattin limestones protrude. On other parts of this tract the St. 
Peter sandstone is extensively exposed, and if any manganese ore is 
found in such areas the quantity will be very small. 
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The manganese ore is said to occur in masses, some weighing as 
much as 258 pounds. A pile of 1,200 pounds of ore ready to be 
marketed was observed near Mr. Moser's house at the time of visit. 
It contained irregular compact masses of steel-blue psilomelane 
through some of which crystals of braimite were disseminated. 

li. B. RAT PROSFBOT. 

The L. B. Ray prospect is on the L. B. Ray tract, in the SE. J 
sec. 7, T. 15 N., R. 7 W., 1 mile west of Mount Pleasant. Shallow 
pits have been dug recently in clay and surficial cherty loam at three 
places on the hiU slopes on this tract. The total depth of the clay 
was not determined, as the pits were not dug deep enough to reach 
the underlying Joachim and Plattin limestones, of which there are 
a few exposures near by. Ferruginous manganese ore was found in 
some of the pits and high-grade manganese ore in others. Alto- 
gether 12 to 15 tons of manganese ore, some of which was picked up 
on the surface, is said to have been marketed before the time of 
visit (May 31, 1918). Since that time the Manganese Mining & 
Development Co. has done a small amount of work on this tract but 
has shipped very little or no ore. 

HALL PROSPECT. 

The Hall prospect, owned by E. D. Hall and now leased by the 
Marqua Mining Co., is on the top of a hiU in the SW. i sec. 8, T. 
15 N., R. 7 W., three-fourths of a mile west of Mount Pleasant. 
A little work had been done by Mr. Hall, beginning in 1916, and 
he had picked up on the surface or mined from shallow pits 25 to 30 
tons of manganese ore before the time of visit (May 31, 1918). Clay 
which contains chert fragments and large and small masses of haus- 
mannite and steel-blue psilomelane was penetrated by the pits. The 
largest mass of ore thus far found weighed 800 pounds. The ore- 
bearing clay is probably nowhere more than a few feet thick, as out- 
crops of the Plattin limestone which it overlies are numerous. 

o'gilsby prospectt. 

The O'Gilsby prospect is on the J. W. O'Gilsby tract, three-fourths 
of a mile west of Mount Pleasant. Manganese ore has been picked 
up on the surface and mined by means of shallow pits in sandy 
pebbly loam or in cherty clay along wet- weather branches and in the 
fields on this tract. The manganese ore at the pit farthest northwest 
is ferruginous, but at most other places it is of high grdde, consist- 
ing of small masses of hausmannite and steel-blue psilomelane. Mr. 
O'Gilsby states that he has marketed altogether about 3 tons of ore. 
The cherty manganese-bearing clay generally overlies the Joachim 
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and Plattin limestones, and the sandy pebbly loam in which some 
ore has been found occurs in the beds of small streams and overlies 
the St. Peter sandstone. 

ANDERSON PROSPECT. 

Three tons of manganese ore, it is reported, has been recently 
picked up on the surface on the Dan Anderson tract, half a mile 
southwest of Mount Pleasant, but no openings have been made. The 
St. Peter sandstone and the Joachim and Plattin limestones are ex- 
posed on this tract. Although fragments of manganese ore have 
been taken from the surface underlain by the St. Peter sandstone 
larger quantities of ore must be prospected for in clays that overlie 
the two limestones. 

RUDOLPH PROSPECT. 

The Rudolph prospect is on a tract of land just north of Mount 
Pleasant that is owned by the S. T. Rudolph heirs and E. A. 
Rudolph. Manganese ore is said to have been picked up on the 
surface and mined from many pits from time to time within the last 
20 years. In 1917 the quantity of ore marketed was 10 to 15 tons. 
The ore is of a very high grade and consists of irregular compact 
masses of steel-blue psilomelane and coarsely granular hausmannite 
langing in size from fine particles to boulders, of which the largest 
thus far discovered weighed 300 pounds. Sand grains have been 
cemented to the surface of some masses of (^re. 

A gray sandy loam, derived from the St. Peter sandstone, which 
it overlies, is the surface material over most of the tract, but ledges 
of the Joachim and Plattin limestones and clays and chert frag- 
ments which overlie the limestones occur on parts of the tract. The 
pits have been made at several places in the shallow surficial ma- 
terial, but not much ore has yet been found. If ore in larger quantity 
is present on the tract it is most likely to be found in the clay that 
overlies the Joachim and Plattin limestones. Two or three pits have 
been dug in this clay on a wooded hill half a mile north of Mount 
Pleasant, and although no ore was discovered in them it might be 
found in other pits on this hill, for ore has been picked up on the 
surface in a field on its south slope. 

BONE PROSPECT. 

The Bone prospect is on land owned by J. H. Bone and R. A. Bone, 

half a mile east of Mount Pleasant, and consists of a pit 5 feet deep, 

which has been dug in red clay. This clay contains chert fragments 

and a soft ferruginous manganese ore, which is reported to be in such 

104569—22 ^18 
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quantity that one man can dig a ton of it in a day. Only one wagon- 
load of it, however, has been mined and hauled away. The clay is 
probably residual from the Joachim and Plattin limestones, which 
are exposed at a few places in the vicinity. These limestones lie in 
a shallow eastward-trending syncline a few hundred feet wide, and 
the St. Peter sandstone is exposed on either side of it. 

At one place in the bed of a branch east of the pit mentioned above 
many fragments of chert and sandstone and a few small particles of 
hard manganese oxide have been recently cemented together by iron 
oxide. 

HENRY KINO PROSPECT. 

The Henry King prospect is on a hill on the Henry King tract, 
which joins the west side of the Bone tract, described above. No pits 
have been dug on this tract, but fragments of soft ferruginous man- 
ganese ore like that on the Bone tract were observed on the surface, 
and some ore will doubtless be found in the clay below the surface. 
This clay is largely if not entirely residual from the Joachim and 
Plattin limestones, which lie in the same syncline as the one that 
crosses the Bone tract. 

W. D. I-BWIS PRoaPEor. 

The W. D. Lewis prospect, not visited by the writer, is on the 
W. D. Lewis tract, 1 mile east of Mount Pleasant. No openings 
have been made on the tract, but 300 pounds of manganese ore is 
stated by Mr. Lewis to have been picked up on the surface. 

HOLIiAWELL PROSPECT. 

The HoUawell prospect is on the W. S. Hollawell tract, three- 
fourths of a mile south of Mount Pleasant and 6 miles north of 
Cushman. A few openings were made 25 to 30 years ago, and work 
has been done from time to time within the last two or three years by 
Mr. Hollawell, the owner, and by several lessees, who altogether had 
mined and marketed 40 tons of "lump" manganese ore before the 
time of visit (May 30, 1918). 

Shallow pits have been dug in red clay and surface loam, both of 
which contain manganese ore. Most of the pits are 4 feet or less 
deep and are scattered along a wet-weather branch, but one pit on 
the top of a low hill is 10 or 12 feet deep. The surficial parts of 
the clay contain chert fragments, and in places the clay is overlain 
to a depth of a few feet by such fragments. Although the full thick- 
ness of the clay has not been determined except on a small part of 
the tract, it is thickest on and near the crest of the hill and thin- 
nest on the lower slopes, where there are many outcrops of the 
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Joachim and Plattin limestones. The Fernvale limestone — from 
which the manganese ore and part of the clay are a residue — and the 
Kimmswick limestone have apparently entirely decomposed, so that 
the clay everywhere overlies the Joachim and Plattin limestones. 

Masses of hausmannite and steel-blue psilomelane, which range in 
size from fine particles to boulders weighing 100 pounds, have been 
found in the pits and at places on the surface over about 80 acres, 
but part of the ore removed from the pit on the top of the hill 
is wad. 

E. WINKLE PROSPECT. 

The E. Winkle pix>spect is on the Mrs. Enzie Winkle tract, three- 
fourths of a mile south of Mount Pleasant and 5 miles north of 
Cushman, which joins the HoUawell tract on the north and the King 
tract on the west. A few very shallow pits have been dug on the 
east slope of a hill whose slopes are covered with a bed of chert 
fragments, but they did not go deep enough to reveal more than 1 
to 2 feet of the top of the manganese-bearing day. The occurrence 
of outcrops of the Plattin limestone in gullies near the pits indi- 
cates that the clay overlies this limestone. A few small pieces of 
hard manganese oxide were observed at places on the surface, on 
the dumps of the pits, and in gullies on this tract. No manganese 
ore has been hauled away from this locality. 

W. A. KING MINE. 

The W. A. King mine is three-fourths of a mile south-southeast of 
Mount Pleasant and 5 miles north of Cushman. Work has been done 
here at times in the last 2 years by W. A. King, the owner, who had 
mined and marketed about 60 tons of lump manganese ore before 
the time of visit (May 30, 1918). Many pits 10 feet or less deep have 
been dug here and there over an area of a few acres on and near the 
northeast slope of a hill. They are in a surficial clayey loam which 
contains fragments of chert and manganese ore. This loam is only 
a few feet deep, and exposures of the Joachim limestone are numerous 
at the base of the hill, where most of the openings were made, but 
the loam is doubtless thicker on the hill slope, where there are only 
a few exposures of the Plattin li^mestorie. The Fernvale and Kimms- 
wick limestones are not exposed; they have probably been entirely 
decomposed. 

The manganese ore consists of psilomelane and hausmannite in 
fine particles and in larger masses, some weighing several pounds. 
The ore at the base of the hill is compact, but some of it higher on 
the hill is porous. Many fine particles of iron oxide are present in 
the manganese-bearing loam. 
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STONE COTTKTY. 
O. F. FULTS PROBPECrr. 

The G. F. Fults prospect is on land owned by G. F. Fults and leased 
by the Stone County Mining Co., in the SE. J sec. 21, T. 15 N., R. 9 
W., on the south side of White River, about 1 mile south of Guion. 
Very little work has been done here, and no manganese ore has been 
shipped. The workings consist of two badly caved pits, one a few 
feet deep and the other 15 feet deep, that have been dug on the south- 
east slope of a hill. Red clay and yellow onyx marble were removed 
from the deeper pit, and about 50 pounds of manganese ore lying on 
the dump at the time of visit (May 28, 1918) was said to have been 
taken out. The ore consists of irregular compact masses of steel-blue 
psilomelane and granular hausmannite, which are intimately mixed. 
An outcrop of Kimmswick limestone near by suggests that the clay 
at this locality rests upon this limestone. 

The other pit, lower on the slope, has been dug in a clay-filled 
crevice in the Plattin limestone. A few small pieces of manganese 
ore were observed on the dump. 

A. T. FOSTER PROSPECT. 

The A. T. Foster prospect, not visited by the present writer, is 
described by Penrose ^^ as follows : 

The A. T. Foster tract Is In 15 X., 9 W., the north part ot> section 34. It 
is * * * on Dr>' Creek, a tributary running north from the Boston Moiin- 

tains into the White River. Fragment^ 

of a hard, massive black manganese ore 
have l>een found in association with a 
red clay, lying in cavities on the surface 
of the St. Clair [probably Fernvale] 
limestone, as shown in the accompany- 
inj; figure [fig. 26]. Two small pits 
have been dug, but no ore has been 
shipped. 

The figure illustrates the dissolving 
action of surface waters on the lime- 
stone. They have gradually removed 
the carbonate of lime in the limestone, while the clay and ore, which were once 
distributed through that rock, have collected in the hollows thus formed. Frag- 
ments of ore are also seen on the slopes of the hill in several other places. 

The present writer found small fragments of hard manganese 
oxide in a stream bed on land owned by A. T. Foster and leased by 
the Stone County Mining Co., in the S. i NE. J sec. 28, T. 15 n!, 
E. 9 W. 

* Penrose, R. A. F., Jr., Manganese — its uses, ores, and deposits : Arkansas Geol. Sarvey 
Ann. Kept, for 1890, vol. 1, pp, 288-289, 1891. 




FiouBE 26. — Section on the A. T. E\)ster 
tract, showing the formation of man- 
ganese-bearing clay (a) by the solution 
of limestone (probably the Fernvale 
limestone) (6). (After Penrose.) 
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ALEX FULTS PROSPEC "I . 

The Alex Fults prospect is in a small hollow on the southeast side 
of Dry Creek, iiv the NW. i sec. 33, T. 15 N., R. 9 W., south of 
'White Eiver and about If miles south of Guion. It is on land owned 
by Alex Fults, which has been leased by the Stone County Mining 
Co. Very little work has been done here, and no ore has been 
shipped. The workings consist of two or three very small pits, which 
have been made in a shallow black soil. Limestone ledges are 
exposed, both in the pits and on the surface. The lowest limestone 
exposed in the hollow is the Fernvale limestone, but above it there 
is about 10 feet of pinkish-gray fossiliferous St. Clair limestone, 
and above the St. Clair there is several feet of brown crinoidal 
limestone, which is perhaps the St. Joe limestone member of the 
Boone chert. The slopes above the crinoidal limestone are covered 
with chert debris. 

A very small quantity of psilomelane has been found in the 
St. Joe (?) limestone and in the black soil which overlies it and 
which is apparently residual from the limestone. The psilomelane 
is disseminated through parts of the limestone as minute irregular- 
shaped particles and as larger masses, some of which are a few 
inches in their longest dimension. 

CAGENS CREEK. 

Manganese ore in masses weighing as much as 1,000 pounds is 
reported to occur on the surface along Cagens Creek for 1 to 1^ 
miles above its mouth, which is on the south side of White Eiver, 
2i miles southeast of Guion. Very little if any work has been done 
on this creek, and no ore has been shipped. This locality was not 
visited by the writer. The ore reported to have been found on this 
creek, like most of the ore in the Batesville region, is probably a 
residue from the decomposition of the Fernvale limestone. 
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Keystone Manganese & Iron Co., 

operations by 9 

Klmbrough mine, description of 227 

Kimmer mine, description of 187 
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Cave, plate showing — 17 

nature and distribution of 19-20 

King, Henry, prospect, description 

of 262 

King, W. A., mine, description of— 268 

Klondike mine, description of 258-259 
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tribution of '- 31-82 
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ore in, plate showing. 46 
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showing 38 

Limonite, occurrence of 53-54 
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Lone Star mine, description of 123 

Love prospect, description of 249 

M. 

McBride mine', description of 227-228 

McConnell mine, description of 268 
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McGee mine, description of 159-160 

Mcl^ieod prospect, description of 103 
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man, description of- 213-215 
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tion of 231-233 
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Bluff, description of- 248-249 
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tion of 224 
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I age mine, description of 213 
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of, plate showing 16 
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Patterson, Eliza, prospect, southwest 
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scription of 110-111 
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Pitman, A. Q., tract, southeast of 
Penters Bluff, descrip- 
tion of 225-226 

Pittman mines, northeast of Pent- 
ers Bluff, description 

of 239-242 

Plateaus of the district, descrip- 
tions of 13-14 

Plattin limestone, bluff of, on Polk 

Bayou, plate showing- 16 

nature and distribution of 18-19 

outcrop of, on Sullivan Ci'eek. 

plate showing 16 

outcrops of, at Penters Bluff, 
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Polk Southard mine, description 

of 201-203 

geologic map of 190 
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Pool prospect, description of 168-169 

Preparation of ore 94-103 

Pritchett prospect, description of_ 182-183 

Privet mine, location of 112 

Production, total of, by years 12 

Prospecting, methods of 87-89 
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scription of 257 
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Pleasant, description 
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Reeves, R. W., prospect, west of 
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tion of 217 
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erals 55-56 
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concentration of man- 
ganese minerals 80 

of the district 12-14 
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Pfeiffer, description 

of 123-124 

Reves, J. A., mine, description of 121 
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of 165-166 
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nature and distribution of 29-31 
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from , 77-79 
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Shafts, use and cost of, in mining— 88-89 
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In 108-107 

Shaw mine, description of 150 

Shell mine, description of 186 

Shepherd, J. C, operations by lo 

Shovel, steam, operating in open cut, 

plate showing 90 

steam, use of 91 

Silhersteln prospect, description of- 120-121 

Silica, content of, in ores 81 

Silicate, manganese, occurrence of. 53 

Silurian system, formations of 28-32 

Simmons prospect, description of- 145-146 
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Skelton-Handford prospect, descrip- 
tion of 245-246 
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description of 161-162 
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Batesville, description 
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excavation of ore by 91-92 

Smith prospect, description of 169 
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South Hill prospect, description of_ 1»30 
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geologic map of 190 
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section illustrating occurrence 
of ore in, plate show- 
ing 46 
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ore, plate showing 3S 
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Sterrett mine, description of 21 1 
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Streams, transportation of ore by__ 69-70 

Structure of the bedb 46-49 
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showing 16 
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in 73-74, 80 
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tion of . 250-251 
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tion of 230-231 
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distribution of 41-42 
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ods of 87-89 

Thompson, J. B., prospect, 4 miles 
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description of 156-157 
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northwest of Pfeiffer, 
description of 124 

Tosh. Hill prospect, description of- 218-219 

Towns of the district 15 

Turner mine, descriptioit of 203-204 

geologic map of 190 

Types of deposits 56 
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Co.*s prospect, descrip- 
tion of 164-165 
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Van Ingen, Gilbert, opinion of, on 

the origin of the ores- 75-76 

Ventilation, arrangements for 93 

Verua mine, description of 237-238 
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T^'albert mine, description of 127-128 
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son mine, plate show- 
ing 90 

'Washing of ore, in sluice, plate 
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processes and plants for 96-103 
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"Weaver, Jeff, prospect, southeast of 
Sandtown, descriptloD 
of 167 

"Weaver, L. J., mine, northeast of 
Anderson, description 
of 256 

Weaver, S. W., mine, southwest of 
Cushman, description 
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"Weaver-Dowdy prospect, near Blow- 
ing Cave, description 
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"Wells, R. C, analyses by 60, 
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'Wells, records of 42-46 



Page. 
White Eiver, bluff on, northwest 

of Guion 13 

bluff on, plate showing 17 

Wildcat prospect, description of 157 
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tion of 249-250 

Wilson, Bob, prospect, northwest 
of Cushman, descrip- 
tion of 212-213 

Wilson, G. A., mine, northwest of 

Pfeiffer, description of_ 123 
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Pleasant, description 
of 257 

Winkle, B., prospect, south of Mount 
Pleasant, description 
of 263 

Winkle, E. D., prospect, northwest 
of Anderson, descrip- 
tion of 251 

Winkle, T. C, prospect, north of An- 
derson, description of- 256 

Wolford mine, description of 209-210 
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Wren mine, description of 203 
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